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Five field experiments on mustard (Brassica juncea 
L- Czern & Coss.) were undertaken during " rabi' season at 
the 'University Agricultural Farm' of Aligarh Muslim 
University, Aligarh (27°52'N latitude, 78"51'E longitude 
and 187.45 m altitude above sea level) (India) from 1992 to 
1995. The aim of the experiments were to select the best 
phytohormone and their concentration (Experiment 1) best 
stage of crop growth for spray (Experiment 2) and to find 
out the interaction effect of phytohormone with basally 
applied N, P and K fertilizers (Experiment 3, 4 and 5). The 
performance of the crop was assessed in terms of shoot 
length, leaf area, leaf area index, dry weight, N, P and K 
content of plant and their uptake at 40, 60, 80, 100 and 
120 days after sowing (DAS). Crop growth rate, relative 
growth rate and net assimilation rate were calculated for 
40-60, 60-80, 80-100 and 100-120 days interval. Pods/plant, 
seeds/pod, 1000 seed weight, seed yield, biological yield, 
harvest index, oil yield, oil content, acid value, iodine 
value and saponification value fatty acid composition 
(Experiment 3, 4 and 5) were studied at harvest. 
Experiment 1 (1992-93) was conducted according to 
factorial randomised block design to select the best 
phytohormone and its concentration for improving the 
performance of mustard. Phytohormones lAA, GA^ and kinetin 
-6 - 5 - 4 . 
at 0, 10 , 10 and 10 M concentrations were sprayed on 
plants at 40 DAS. Spray of GA- was found to be the best in 
comparison to other phytohormones used for most of the 
parameters studied. In growth parameters, GA^ was best at 
80, 100 and 120 DAS for shoot length, at 100 and 120 DAS 
for leaf area and leaf area index. But both GA^ and lAA 
were equally effective for dry matter production. At final 
stage of growth spray of kinetin improved CGR, RGR and NAK 
of the crop. In biochemical parameters no difference was 
found between the different phytohormones in respective of 
the concentrations and uptake of N, P and K except that at 
80 DAS when GA^ treatment had significantly more N uptake 
than kinetin treatment. In yield parameters there was more 
number of pods and seed yield due to GA-, spray incomparison 
-5 to the other two hormone treatments. Concentrations 10 M 
-4 -5 
and 10 M were mostly equal in their effect, but 10 M was 
selected as best because of its lower concentration. The 
interaction effect of phytohormone and concentration was 
found to be non significant for almost all the data. 
Experiment 2 (1993-94) was conducted according to 
factorial randomised block design. The aim of this 
experiment was to select the best stage of growth for spray 
-5 
of the 10 M of GA^. The phytohormone (GA^) and 
concentration 10 M was selected on the basis of findings 
of Experiment 1. The spray of water and 10~ M of GA-, was 
done at 40, 60 and 80 DAS. It was found that the effect of 
spray at 40 and 60 DAS were at par for all the parameters 
at final stages but the values for seed yield was maximum 
in the treatment where the GA_ was sprayed at 40 DAS. 
Moreover, the spray at 40 DAS, even though at par with 
spray at 60 DAS recorded highest value. Hence 40 DAS was 
selected as best growth stage for spray treatment. The N, 
P and K concentration in plants remained unaltered by the 
treatments. The interaction effect was significant for most 
of the parameters and it was found that there was 
difference in spray treatment only when GA^ was sprayed and 
not when water was sprayed. 
Experiments 3, 4 and 5 (1994-95) were 
simultaneously conducted according to factorial randomised 
block design to find out the effect of spray of 10 M GA^ 
at 40 DAS alongwith basally applied 0, 40, 80 and 120 kg 
N/ha (Experiment 3), 0, 15, 30 and 45 kg P/ha (Experiment 
4) and 0, 20, 40 and 60 kg K/ha (Experiment 5). The stage 
of spray of GA^ was selected from Experiment 2. The 
parameters studied in these experiments were same as in 
earlier experiments and in addition, fatty acid composition 
of oil was also determined. 
In general, GA^ spray improved the performance of 
the crop in comparison to water spray control as noted in 
earlier experiments. 
In Experiment 3, it was found that application of 
80 kg N/ha proved optimum for almost all parameters studied 
viz; shoot length, leaf area, leaf area index and dry 
matter production at all stages of sampling. The CGR was 
significant only at 40-60 and 60-80 growth period. The RGK 
and NAR were significantly more in N^^ treatment at 40-60 
and 60-80 growth stages in comparison to that of NQ 
treatment but it was significantly inferior to NQ treatment 
at 80-100 and 100-120 growth stages. 
In biochemical parameters the N concentration was 
affected by different doses of N fertilizer and N^^ was 
ou 
found to be optimum. There was no significant difference 
between treatments in P and K concentration. N, P and K 
uptake was also found to be optimum in N„„ treatment. In 
yield parameter, the 1000 seed weight and seeds/pod vi/ere 
non significant. Pods/plant and seed yield were optimum in 
Ny treatment- Oil yield was also improved by Ng 
treatment. The effect of 80 kg N/ha was at par with that 
for 120 kg N/ha. The interaction effect of phytohormone and 
nitrogen was significant for most of the parameters. There 
was no significant difference between water and GA^ spray 
when the basally applied nitrogen was 0 or 40 kg N/ha. The 
effect of GA_ spray was statistically significant only with 
the availability of sufficient nutrient for plant growth. 
In Experiment 4, basally applied 30 kg P/ha was 
optimum for better performance of the crop. There was no 
significant difference in the N, P and K concentration in 
plant due to the different treatments. It was found that 
the interaction effect was non significant for all the 
parameters studied. 
In Experiment 5, the data on various parameters was 
non significant. 
It was found that GA^ spray improved the fertilizer 
use efficiency and nutrient use efficiency of the crop. It 
was also found that GA^ spray was profit oriented. 
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INTRODUCTION 
CBiVP'IEP - 1 
IHTRODDCTION 
India is mainly an agricultural country and oilseeds 
occupy an important position in Indian agriculture. Oilseeds 
are high nutritious food for human and animals. The fatty 
acids contained in their seeds provide 2.5 times more 
calories than carbohydrates. In human body fats and oil act 
as a transport medium for vitamin A, D, E and K (Anonymous, 
1993). Some fats especially vegetable oils provide essential 
fatty acids to human body. The non-edible oils also have 
many uses in industries, like soap, paint, varnish, hair oil 
and greases etc. The oil cakes are used as cattle feed and 
manure. 
The main oilseed crops include castor, groundnut, 
linseed, nigerseed, rapeseed-mustard, safflower, sesame, 
soybean and sunflower. Palm also contribute to the oil in 
addition to all these. India has about 19.85 m ha under 
oilseed cultivation and it ranks first in the world as far 
as area under groundnut linseed, sesame and niger is 
concerned and ranks third for rapeseed, the area being 3.73 
m ha (Anonymous, 1993). 
Ironically speaking, India produces only about 7% of 
world's edible oil with about 35% of the world's area under 
oilseed cultivation, to feed about 16% of total world's 
population (Mobin, 19 95). This shortage of oilseeds due to 
low production has driven the country to the abyss of 
scarcity. Therefore, to meet the daily requirement, India 
has to import edible oil every year on large scale which 
causes burden on our already limited foreign reserves. The 
per capita requirement of oil is 18 gper day. To meet this 
standard India has to produce an additional 9 million tonnes 
of oilseeds by 2000 AD, which is at present 16 million 
tonnes. Therefore, enhancement of the oilseeds production is 
one of the national priorities. 
The low production of oilseeds in India is due to 
several factors. Some of them are listed here: (i) more than 
75% of the farmers have small or marginal holdings of less 
than two hectares (ii) only 15% of the area under oilseed is 
irrigated as compared to 7 2% under wheat and 44% under rice 
(iii) absence in advancement of agricultural techniques for 
high yielding varieties, post harvest technology and proper 
processing facilities (iv) attack of pests and diseases as 
oilseeds are more prone to these. Survival of rapes are 
extremely intimidated by pests and insects as former attacks 
the reproductive parts while the latter damages vegetative 
parts of the plants (v) number of flowers produced are more 
than pods, only 68% of flowers develops into pods (vi) low 
temperature influences the flower bud development and 
thereby lowers the seed yield (vii) internal hormonal 
imbalance during the sink development (viii) improper source 
sink relationship. 
Brassica furnishes commercially important rapeseed 
which is a member of family Cruciferae. This family has 160 
species mostly binnial and annual herbs. Oilseeds brassicas 
account for approximately 10% of the total world oilseed 
production. Historically, human consumption of vegetable oil 
is obtained from Brassica spp. and has been primarily 
concentrated in northern India and China. The cultivation in 
these countries of Brassica juncea (L.) Czern & Coss. dates 
back to approximately 1500 BC Brassica juncea is well 
adapted to drier conditions and is relatively fast maturing. 
On the Indian subcontinent B. juncea is the dominant 
species grown due to its highest content of oil in its seed 
(Prakash, 1980). For an ideal type of rape, an ideotype 
postulated by Donald (1968), is of value as it establishes 
the limits and aims of crop productivity improvement 
programme. For high yield, a crop should have the following 
attributes (i) long and flat rosette leaves for rapid ground 
cover, (ii) few branches, developing simultaneously with the 
main stem, (iii) little basal branching (iv) early flowering 
(v) a long seed filling period (vi) improved harvest index 
(vii) increased pod setting with vertical pod position. 
With the limitation in increasing the acreage of 
cultivation, agriculturists are now focussing maily on 
increasing the productivity. Various projects have been 
undertaken to boost up the productivity of oilseeds. Studies 
have established a positive role of nutrients in crop growth 
and development. Along with the increase in the fertility of 
the soil, the crop should also be manipulated to utilise the 
available nutrients to the maximum extent or in other words 
there should be more active sink for the nutrient 
accumulation. This has led to the option of enhancing the 
efficacy of the crop for reaping more solar energy with 
vigorous growth. In this cont^ ext the phytohormones can 
thought to be the trendsetter. The phytohormones are known 
to be actively involved in various physiological activities 
such as growth, flowering, ion-transport and yield (Wareing 
and Philips, 1981; Khan, 1996). Uptake and transportation of 
nutrients are affected by phytohormones as proved by growth 
chamber and pot culture experiments (Bostrack and 
Struckmeyer, 1964; Muller and Leopold, 1966; Kannan and 
Mathew, 1970). These studies are, however, limited to few 
crops and do not envisage mustard, an important oilseed 
crop. 
Along with the increasing vigour, the plants should 
be supplied with required amount of balanced fertilisers. 
Application of large quantities of inorganic fertilisers has 
its disadvantages too. Beside large scale expenditure of 
already exhausted foreign reserves for importing the 
fertilisers on one hand and on the other hand continuous 
application of one particular nutrient may affect the 
availability of other nutrients and can also cause pollution 
hazards. 
This has lead to design few field experiments on 
mustard with the following aims: 
1. To select the best phytohormone and its concentration 
for higher growth, nutrient accumulation, yield and 
quality characteristics of mustard. 
2. To establish the suitable growth stage for foliar spray 
of the selected phytohormone. 
3. To study the effect of the selected phytohormone under 
varying levels of N, P and K on the performance of the 
crop. 
4. To workout the cost benefit, if any obtained by using 
the phytohormone in mustard cultivation. 
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CHAPTER - 2 
REVIEW OF LITERATURE 
2.1 Phytohormones 
The definition of phytohormones accepted by most 
plant physiologists is similar to that developed for animal 
hormones. Pincus and Thimann (19 48; defined it as "a plant 
hormone is an organic compound synthesized in one part of a 
plant and translocated to another part, where in very low 
concentrations it causes a physiological responses" and to 
distinguish it from animal hormone it was termed as 
phytohormone (Sircar, 1971). Hormones are effective at 
internal concentrations of about 1 >uM, whereas other 
metabolites necessary for growth and development are usually 
present at concentration 1 to 50 mM. The substances which 
regulate growth are called 'growth regulators' (Sircar, 
19 71; . The phytohormones are extremely important agents in 
the integration of developmental activities, and they are 
concerned with the response of plants to the external 
physical environment. Environmental factors often exert 
inductive effects by changing the hormone metabolism and 
distribution within the plants. Beside its participation in 
responses to inductive environmental effects, phytohormones 
are also the principal agents which regulate expression of 
the genetic potential of plants. 
There are five commonly recognized class of 
phytohormones. These includes auxins, gibberellins 
cytokinins, abscisic acid and ethylene. The brief description 
of which are given in the following pages: 
2.1.1 Auxins 
The first type of phytohormone to be discovered was 
auxin. The term "auxin" is derived from the Greek word 
'auxein' whicn means 'to grow' and was proposed originally by 
Kogl and Haagen-smit and by F.A.F.C. Went in 1937 to 
designate a particular substance that had property of 
promoting curvature in Avena sativa coleoptile (Devlin and 
Witham, 1986). 
Certain compounds synthesized by chemists in the 
laboratory also cause many physiological responses similar to 
auxins and are generally considered to be auxins. Synthetic 
auxins with similar activity are chemically diverse and may 
be categorised into Indole acids (Indole propionic acid and 
Indole butyric acid). Naphthalene acids (Naphthalene acetic 
acid and Naphthoxy acetic acid), Chlorophenoxy acids 
(2,4 dichlorophenGxy acetic acid; 2,4,5-trichlorophenoxy acetic acid & 
2-methyl-4-chlorophenoxy acetic acid). Benzoic acids (2,3,6 
and 2,4,6-trichlorobenzoic acids and Dicamba) and Picolenic 
acid (Piclorara or Tardon (4,amino-3,5,6-trichloropicolinic 
acid). Structures of some of the naturally occuring and 
synthetic auxins are given in Figs. 1-2. 
The movement of endogenous auxin in shoot is 
predominantly basipetally polar. This transport occur not 
only in segements of coleoptiles or coelus stem lacking 
vascular tissue but also in veins of leaves. Thus parendiyraatus 
tissues and vascular tissues appear to be capable of polar 
transport. lAA supplied to mature exporting leaves of several 
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species IS transported at rates similar to that of C 
glucose (Morris and Thomas, 1978), and accumulates at 
metabolic sinks. The source of energy for auxin accumulation 
and polar auxin transport is obtained from ATP hydrolysis by 
an H -ATPase in the plasma membrane. The pH-gradient acts as 
thermodynamically driving force for uptake of lAA. lAA is 
involved in cell division, cell enlargement and cell 
differentiation. It was found that auxin-sensitive tissues in 
solutions of low pH promotes growth (Bonner, 1934) and this 
led to the formulation of "Acid-growth" hypothesis for growth 
CH^-COOH CHjCH^OH 
Indo le Ace t i c Acid (lAA) Indo le Ethanol 
•CHj-COOH 
Phenyl Acetic Acid Indole Acetaldehyde 
CH —C^N 
Indoleacetonitrile 
Fig. 1. NATURALLY OCCURING AUXINS AND AUXIN PRECURSORS 
CHjCOOH 
-naphtha lene Ace t i c Acid (NAA) 2,4-D 
CH2-CH2-CH2 
COOH 
0-CH^COOH 
Indo le Butyr ic Acid (IBA) 
O-CH^ilOOH 
Fig. 2. SYNTHETIC AUXINS 
tHager et al^ . , 1971). According to this hypothesis, lAA 
activates plasraamembrane ATPase, thereby stimulating active 
proton efflux from the cell. This results in lowering of the 
pH of the solution bathing the cell walls and then activation 
of enzymes capable of hydrolysing wall polysaccharides to 
soften the wall results and this allow cell extension. 
2.1.2 Gibberellins 
Gibberellins were first discovered in Japan in the 
1930s from a disease on rice plant tnat grew excessively 
tall. (Finney, 1983; Thimann, 1980). As early as in 1890s the 
Japanese called this 'bakanae' disease and plant as 'foolish 
seedlings'. This disease was caused by the fungus 'Gibberella 
fujikuroi' - (imperfect stage of this fungus Fusarium 
monoliforme). In 1930, Yabuta and Hayashi isolated an active 
compound from the fungus, which they named gibberellin. As 
many as 84 gibberellins have been discovered in various 
groups of plants. Of these 73 occur in higher plants, 25 in 
the Gibberella fungus and 14 in both. ^ 11 gibberellins are 
derivatives of the ent-gibberellane skeleton. They are acidic 
in nature and are termed as GA (Gibberellic a^id) witn a 
number subscript to distinguish one from the other (Fig. 3;. 
However, GA^ a commercially available gibberellin has 
historically been called gibberellic acid (Salisbury and 
Ross, 19 92). Gibberellins have been either synthesized in tne 
plant organ or transxocated there. Immature seeds contain 
relatively high amount of gibberellins compared with other 
plant parts. Roots also synthesize gibberellins but exogenous 
gibberellins have little effect on root growth and they 
inhibit adventitious root formation. 
Stem elongation a well recognised result of GA 
application which is carried out by at least three 
contributing events: 
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1. Cell division is stimulated in the root apex, especially 
m the basal meristematic cells from which cortex and 
pith cells develop. 
2. Gibberellins promotes cell growth because they increase 
hydrolysis of starch, fructans and sucrose into glucose 
and fructose molecules. 
3. Gibberellins increases cell wall plasticity. The 
elongation caused by GA-^  is fifteen times higher 
compared to untreated sections, provided that sucrose 
and mineral salts are present to provide energy. A 
significant increase in wall plasticity occurs m 
gibberellin-promoted growth in lettuce hypocotyl 
sections and in entire hypocotyls of cucumber seedlings 
ITayler and Casgrove, 1989). 
Gibberellins are now used commercially in Hawaii to 
increase sugarcane growth and sugar yields. These and other 
potential effects of gibberellins are reviewed by Carlson and 
Crovetti (1990). Evidences of exogenous application of 
gibberellins indicate that they are much more effective in 
enhancing flowering than other hormones. Gibberellins when 
applied at the right time and with proper concentration, 
cause the grape bunches to elongate so that they are less 
tightly packed and become less susceptible to fungal 
infections. Usually the plants are sprayed twice, once at 
bloom and again at the fruit set stage (Nickell, 1979). 
2.1.3 Cytokinins 
Gottlie Haberlandt in 1913 discovered in Austria that 
an unknown compound present in vascular tissues of various 
plants stimulated cell division that caused cork cambium 
formation and wound healing in cut potato tubers. This 
discovery was apparently the first demonstration that plants 
contain compounds now called 'Cytokinins'. It was found that 
a highly active adenine like compound from yeast extracts has 
the ability to promote cytikinins and in 1954 Carlos Miller 
discovered a very active compound formed by partial break 
down of aged or autoclaved herring sperm DNA. They named this 
compound as 'Kinetin' (Miller, 1961). Using tissue culture 
techniques it was found that coconut milk had cytokinin 
activity that enhance cell division in carrot root tissues. 
The most active of these were subsequently given the common 
names zeatin and zeatin riboside (Fig. 4). 
In general cytokinin level is maximum in young seeds, 
fruits, leaves and in root tips. Evidences showed that root 
tips synthesize cytokinins and transport occurs in the xylem 
but sieve tubes also contain cytokinins. The young leaves 
remove nutrients from older ones partly because they are rich 
in cytokinins and thus cytokinins enhance the ability of 
young tissues to act as sinks. Normal growth of stems and 
roots is thought to require cytokinins, but the endogenous 
amounts are seldom limiting. There are two known cases in 
which applied cytokinins do promote elongation. These are 
sections from young wheat coleoptiles and intact watermelon 
hypocotyls especially those of a dwarf cultivar (Moore, 
1989) . 
The primary effect of cytokinin is on RNA and enzyme 
formation, partly because the effects of cytokinins are 
usually blocked by inhibitor of RIMA or protein synthesis. No 
specific effect on DNA synthesis have been observed, although 
exogenous cytokinins often increase cell division. Enhanced 
cytokinesis is one of the most important cytokinin responses 
because it allows commercial micropropagation of several 
crops through tissue cultures. Studies on biochemicals 
aspects of this long-known response concluded that cytokinins 
promote division of cells in tissue culture by increasing the 
CHpOH 
Zeatin Kxnetin 
HN-CH2-CH = C 
HOH.C —C H H , 
C C 
\ \ 
OH OH 
Zeatin Riboside 
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transition from G to iritosis and that they do this by 
increasing the rate of protein synthesis IMoore, 1989). 
2.1.4 Abscisic Acid 
Liu and Cams (1961J isolated abscisin-I from mature 
cotton fruits wnich stimulated abscision of debladed cotton 
petioles. Similarly, another substance abscisin-Il was 
extracted from young cotton fruits by Okhuma et al_. (1963). 
Eagles and Wareing il963; characterised 'dormin' which was 
extracted from birch leaves held under short day conditions. 
In the year 1965, all the above substances (abscisin-I, II 
and dormin; were found to be identical, therefore they were 
collectively termed as abscisic acid (ABA). 
ABA is a sesquiterpenoid Il5-C; compound which is 
related to the monoterpenes, diterpenes, carotenoids and 
triterpenes. Abscisic acid is synthesized from mevalonate viz 
fornesylpyrophosphate an intermediate in the isoprenoid 
biosynthetic pathway (Salisbury and Ross, 19 92) . Like all 
other hormones ABA has multiple physiological effects, 
affecting growth and development literally througnout the 
ontogeny of seed plants. ABA plays a major role in regulating 
closure of stomates, and there by creating a protective 
mechanism towards water stress. ABA acts as natural regulator 
for abscission of organs, leaves, fruits, buds, scales,floral 
structures and branches etc. 
2.1.5 Ethylene 
The Russian botanist Neljubow (1901) is believed to 
be the first man who recognised the growth regulatory 
properties of ethylene. Later on in 1930 it was recognised to 
have a wide variety of interesting effects on plants and it 
was untill 1934, when Gane in England first obtained positive 
proof that ethylene was a natural plant product. 
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Ethylene causes two major types of biochemical 
effects in the process of fruits ripening. The oldest 
evidence is for changes in membrane permeability leading to 
altered compartmentation and release of enzymes associated 
with such ripening process as respiration and break down of 
acids and wall constituents. Permeability changes occur in 
cellular membrane or during ripening as indicated by the 
leakage of solutes from the cells and also by an increase in 
free space and filling of intercellular spaces with juice. It 
is suggested that ripening process is correlated with the 
formation of enzymes that catalyze the biochemical changes 
occuring during ripening (Legge et a^., 1986), Several 
practical applications of ethylene developed from researches 
include the process of 'Gas storage' or "controlled 
atmosphere" storage for the preservation of fruits. It has 
been found that oxygen is necessary for ethylene action and 
that carbondioxide inhibits action of the gas (Kidd and West, 
1993) . 
2.2 Mineral Nutrition 
The practice of use of nutrients in the soil for 
improving yield and quality of the crop is as old as our 
existance. The evidence gathered so far has clearly 
manifested that the ancient agrarian societies were well 
accustomed with the enhancement of fertility of soil by the 
addition of plant and animal debris to it. However, the first 
evidence of research of plant nutrition dates back to 1656 
when Glauber successfully correlated the stimulatory effect 
of cattle manure on the growth of the plants. Later Woodward 
in 1699 observed that plants can thrive and grow better in 
muddy water than clear rain water. But credit goes to 
de Saussure (1804) for his definitive discovery of mineral 
nutrients, which were further cemented by the findings of 
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Boussingault, Lewes and Gilber t {Russell, 1950). Despite the 
strong experimental evidence replenished by the de Saussure, 
the contribution of the inorganic components of p lant ash to 
the general welfare of p lan t was not recognised u n t i l l 1840, 
when Liebig provided the proof in support of de Saussure's 
findings, in his address to the Br i t i sh Associat ion for the 
Advancement of Science. I t was the beginLngof anew era in the 
research area of p l an t n u t r i t i o n . 
Attempts made by Sachs and knop in 1860 resul ted into 
the establishment of e s sen t i a l i t y of t en elements viz, 
carbon, hydrogen, oxygen, nitrogen, phosphorus, potassium, 
calcium, sulphur, magnesium and iron. Further the necessity 
of manganese, z inc , boron, copper, chlor ine and molybdenum 
were also substant i ted for the normal growth and development 
of the p lan t s . These a l l sixteen elements are known as 
essent ia l nu t r i en t elements. Except i ron from the f i r s t 
l i s t , the remaining elements are required in g rea t e r quantity 
and const i tu te the category of macro-nutr ients . While with 
iron, from f i r s t l i s t and a l l elements of the second l i s t are 
required in l e s se r amount and comes in the category of the 
micro-nutrients (Sal isbury and Ross, 1992). These elements 
influence various metabolic a c t i v i t i e s and a re of immense 
importance of which ni t rogen, phosphorus and potassium are 
said to be the primary elements. 
2.2.1 Nitrogen; 
Nitrogen concentrat ion in plants va r i e s between 1-3 
percent of dry weight (Salisbury and Ross, 199 2) . Application 
of nitrogen to the s o i l increases the ca t ion exchange 
capacity of p lan t r o o t s , and thus makes them more eff icient 
in absorbing other n u t r i e n t ion (Tamhane e t a_l. , 197 0) . The 
major ionic forms of ni trogen absorbed from the soi l are 
n i t r a t e (N0~) and ammonium (NH )^ • Nitrogen i s reduced and 3 4 ^^  
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incorporated into diverse organic forms (Bandurski, 196 5; 
Beevers and Hageman, 1969) . It is one of the important plant 
nutrient as it is an integral part of aminoacidsy proteins, 
enzymes, porphyrins, purines, pyrimidines, chlorophyll, 
some vitamins and growth hormones (Devlin and Witham, 1986). 
Excessive application of nitrogen results in feebly developed 
root system and low shoot/root ratio, increases leaf 
production reduces flowering and seed formation in several 
crops and delays maturity (Curtis and Clark, 1950; Black, 
1973; Devlin and Witham, 1986). 
During vegetative growth of a plant, the nitrogen 
nutrition to a large extent controls the growth rate of the 
plant. A high rate of growth occurs only when abundant N is 
available. The plants with low N supply accumulates 
carbohydrates, particularly starch and polyfructocans, 
whereas the crude protein becomes depressed very much. The 
effect of N nutrition on carbohydrate accumulation is 
therefore less marked towards the end of the vegetative 
period and the onset of flowering. V7hen the level of nitrogen 
nutrition is inadequate. The life cycle of the plant is 
shortened, plants mature earlier and economic yield is 
generally poor. 
The nitrogen deficiency results in general chlorosis, 
especially in older leaves. The younger leaves remain green 
longer because they receive soluble form of nitrogen 
transported from older leaves. Plants grown with excessive 
nitrogaiusually have dark green leaves and show abundance of 
foliage and a high shoot/root ratio. 
2.2.2 Phosphorus 
The approximate percentage of phosphorus in plants on 
dry weight basis is 0.2 (Salisbury and Ross, 1992). It is 
most often the limiting element in the soil. It is absorbed 
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primarily as the monovalent phosphate ion (H PO ) and less 
-2 / 4 
rapidly as the divalent anion (HPO4 ). The soil pH controls 
the relative abundance of these two forms, H PO4 being 
-2 favoured below pH 7.0 and HPO4 above pH 7.0 Much of the 
phosphate is converted into organic forms upon entry into 
the root or after transport through the xylem into the 
shoot. 
Phosphorus i s a basic cons t i tuen t of metabolically 
ac t ive compounds, l i ke nucleic ac ids , phospholipids, phytin, 
adenosine and other t r iphosphate , pyridoxal phosphate and 
thiamine pyrophosphate, phosphorylated sugars and thei r 
intermediate metabolic products found in the glycolyt ic and 
a l t e rna t i ve oxidat ive pathways, nucleoprotein , nucleic 
ac ids , purine and pyrimidine nucleot ides and flavin 
nucleotides (Nason and McElroy, 1963). Phosphate 
p a r t i c i p a t e s d i r ec t l y in the photochemical event of 
photosynthesis through orthphosphate and nicotinamide 
adenine d inuc leo t ide phosphate, required for the production 
of ass imi la tory power (Devlin and Witham, 1986). 
Phosphorus deficiency exhib i t s tunted growth and 
plants are often dark green in colour , anthocyanine pigments 
are sometimes accumulated, o ldes t leaves become dark brown 
as they d i e , maturity i s often delayed. Phosphorus 
deficiency r e s u l t s in the accumulation of carbohydrates and 
soluble ni t rogen compounds (Hewitt, 1963). If excess 
phosphorus i s provided, root growth i s increased r e l a t i ve to 
shoot growth. I t causes lov./ shoot / root r a t i o . 
2.2.3 Potassium 
It is required in large amount by most of the higher 
plants (1 per cent on dry weight basis) for better growth and 
development (Salisbury and Ross, 1992) . In contrast to 
nitrogen and phosphorus, potassium does not form a stable 
structural part of any molecule inside the plant cells. 
Potassium activates the enzyme that synthesize certain 
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peptide bonds and enhances the incorporation of aminoacids 
into protein (Webster, 195 6) . Other enzymes that require 
potassium (K ) as an activator include fructokinase, pyruvic 
acid kinase, and trans ace ty la se (Nason and Mc Elroy, 1963). 
Potassium plays very important role in opening and 
closing of stomates. The quantities of K that accumulate in 
the vacuoles of guard cells during stomatal opening are 
sufficient to account for the opening, assuming that each K 
ion is associated with a suitable anion to maintain 
electrical neutrality. Light causes a build up of a K in 
guard cells and in isolated guard cells protoplast (Zeiger and 
Helper, 1977) . 
Like nitrogen and phosphorus, K is easily 
redistributed from mature to younger organs, so deficiency 
symptoms first appear in older leaves. In dicotyledons 
plants, the leaves initially become slightly chlorotic, and 
dark necrotic lesions soon develop. In many monocotyledenous 
crops, the cells at the tips of margins of leaves die first 
and necrosis spread basipetally along the margins towards the 
younger, lower part of leaf bases. 
2.3 Effect of Interaction of Plcuit Growth Substances and 
Nutrients on Performance of Crops 
Individual effect of plant growth substances and 
nutrients on improving crop growth and development has been 
studied in detail. In the following pages efforts have been 
made to review the available literature on the interaction 
effect of plant growth substances with nutrients on 
performance of agricultural crops. 
Alvim (1960) carried out a nutrient culture expriment 
on bean (Phaseolus vulgaris) to study the effect of foliar 
spray of gibberellic acid, urea and sucrose alone and in 
various combinations on plant height, leaf area, dry weight 
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of leaf, stem and roo t , net ass imila t ion r a t e and re la t ive 
growth r a t e . The spray treatments were con t ro l , 10% sucrose, 
2% urea, 50 ppm g ibbe re l l i c acid and combinations of 10% 
sucrose and 2% urea, 10% sucrose and 50 ppm g i b b e r e l l i c acid, 
2% urea and 50 ppm g ibbe re l l i c acid, 10% sucrose + 2% urea + 
50 ppm g i b b e r e l l i c acid. I t was noted t h a t p lant height 
showed the s t r i k i n g response to g i b b e r e l l i c ac id , with an 
average increase of 141.3% while urea spray decreased plant 
height when applied alone but had a s t imula tory effect when 
applied with g i b b e r e l l i c acid. I t indicated t h a t nitrogen 
might have become a l imi t ing factor for stem elongation when 
g ibbere l l ic acid was applied. Sugar had no ef fec t on plant 
height. Leaf area was increased by 15.1% by g ibbe re l l i c acid 
but sugar spray did not increase the leaf area s igni f icant ly . 
Similarly t o t a l dry weight was increased by 17.3% by 
g ibbere l l ic acid and 16.4% by sugar. However, g ibbere l l i c 
acid reduced root dry weight (17.9%) a response that was 
effect ively counteracted by sugar sprays with an increase of 
15.3%. Urea spray showed no s igni f icant influence on dry 
weight. He suggested t h a t g ibbe re l l i c acid accelerated 
mobilization of photosynthates from leaves t o the stem. Net 
assimilat ion r a t e (NAR) and r e l a t i ve growth r a t e (RGR) vere 
both increased by g ibbe re l l i c acid and the average increase 
was 17.1% for NAR and 17.4% for RGR. Sugar a l so increased NAR 
and RGR, whereas urea spray decreased NAR and RGR. 
Ilan (1962) conducted a experiment with e t io la ted 5-9 
day old seedlings of sunflower (Helianthus annus) var. 
Jupi ter to study the effect of i ndo ly l -3 - ace t i c acid on 
potassium uptake by p lan t c e l l s . Plant segments with 1.0 cm 
in length were removed a t a distance of 1.0 cm below the 
crook and were washed for 6-8 h in running water , rinsed in 
d i s t i l l e d water, b lo t t ed , weighed and t rans fe r red to a 
petr idishes containing 3-5 ml phosphate buffer . The cations 
K , Li , Na and NH^  were added to the so lu t ion . The lAA 
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concentration used in the experiment was such as to produce 
maximum stimulation of water uptake. It was seen that lAA 
brought about a large increase in K uptake, while NH4 uptake 
was depressed. The effect on uptake was more pronounced for 
potassium than for lithium or sodium. It was also observed 
that lAA had no significant effect on the uptake or release 
of sodium, but had inhibitory influence on the entry of NH4 
and a stimulatory effect on its release. However, the auxin 
stimulated uptake of potassium and reduced its release. 
Palmer and Phillips (1963) conducted experiments on 
sunflower (.Helianthus annus) var. Large Grey to study the 
effect of terminal bud, indole acetic acid and nitrogen 
supply on the growth and orientation of the petiole of the 
plant. Three experiments were conducted using horticultural 
peat soil that was low in available nitrogen. Three week old 
plants were distributed in six groups. To three of the group 
nitrogen in the form of solution of ammonium sulphate was 
applied at the weekly rate of 50 mg/plant (low nitrogen) 
while the remaining other three groups were supplied with 
ammonium sulphate at the weekly rate of 30 0 mg/plant (high 
nitrogen). At each nitrogen level, various treatments were 
applied, commencing on the day when nitrogen was first added. 
The plants in one group were decapitated immediately above 
the third node and a cap of lanolinewas applied to the stem. 
The plants in the second group were similarly treated except 
that following decapitation, a paste containing lAA at a 
concentration of 0.1% in lanoline was applied to the top of 
the stem. They observed that plants at high nitrogen level 
produced large dark green leaves, while low nitrogen level 
caused poor growth of the plants with abnormally small 
leaves. They showed that in each treatment the petioles of 
plants grown at high nitrogen level were more than 50% longer 
than low nitrogen level and the petioles of the decapitated 
plants at both nitrogen levels grew almost 60% longer than 
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the petioles of the intact plants, but the addition of 0.1% 
lAA paste to the stem following decapitation reduced this 
increase by about half. In fourth experiment, they found that 
the decapitation of the petioles of the plants was 
continuously elongating, whereas the intact plants elongation 
rapidly ceased. They also observed a relative decrease in the 
orientation angle of the petiole following decapitation, so 
that even in the mature petiole growth and orientation 
appears to be influenced by the presence of the terminal part 
of shoot. 
Bostrack and Struckmeyer (1964) conducted a 
sand-culture experiment to study the effect of gibberellic 
acid on soybean (Glycine max) var. Howkey grown at different 
levels of nitrogen, potassium or phosphorus. Nitrogen was 
supplied at the rate of 70, 210 and 630 mg/1, potassium at 
117.8, 235.6 and 1178 mg/1 and phosphorus at 16.0, 32.0 and 
160.0 mg/1 for low, normal and high levels of treatments. 
Plants were sprayed twice weekly with a 50 mg/1 aqueous 
solution of gibberellic acid (GA). They observed that pale 
green colour of plant tissue induced by application of 
gibberellic acid (GA) could not be counteracted by increasing 
the available concentration of any of these elements. 
Characteristic chlorosis of the lower leaves was noted in 
untreated and GA treated plants receiving the low levels of 
nitrogen. Typical potassium deficiency symptoms developed 
only in the GA treated plants. These symptoms appeared slowly 
and were less severe as the concentration of potassium 
applied to GA treated plants increased. The amount of 
phosphorus in plant tissue was slightly less in GA treated 
plants as compared to untreated ones receiving the same 
concentration of the elements. The uniform pale green colour 
of GA treated plants was not identical with characteristic 
deficiency symptoms of any of the three elements. 
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Miller and Leopold (196 6) conducted an experiment in 
climate room (24°C, 60% humidity, 20,000 Lux, 16 h light 
period) on corn (Zea mays) hybrid WFg/38-11 to study the 
mechanism of kinetin induced transport in the leaves. Kinetin 
-4 
at concentration of 30 ppm (1.5 x 10 M) was applied as 
strips of filter paper of constant size on to the upper leaf 
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surface. Radioisotopes p -orthophosphate (KH_PO., carrier 
free), ^^NaCl (carrier free), ^^RbCl (Specific activity 800 
131 
mc/mM) NaCl (specific activity 0.0 2 mc/mM) and KI (carrier 
free) were used as indicator of transport. They observed that 
32 kinetin induced transport of P in detached corn leaves and 
it was limited to towards the base of excised leaf. They also 
32 found that kinetin treated leaves accumulated P and did not 
accumulate the radioisotopes Na , Rb , CI and I . They 
concluded that mobilization centres in isolated corn leaves 
stimulated a mass flow transport in the phloem. 
Phillips (1968) carried an experiment on bean 
(Phaseolus vulgaris) var. Canadian Wonder to study the levels 
of nitrogen, phosphorus and potassium distribution in 
relation to decapitation and application of either lonoline 
or lonoline/IAA to the cut surface of the stem. Nitrogen was 
accumulated in decapitated internodes supplied with lAA for 
atleast 15 days where as untreated decapitated intemode 
accumulated nitrogen in small quantity. The lonoline/lAA 
preparation also maintained correlative inhibition of the 
axillary buds for 15 days. Enhanced accumulation of N, P and 
K in an lAA treated intemode did not inhibit the axillary 
buds of an adequate supply of these nutrients. More total NPK 
was accumulated in the internode and axillary buds in plant 
treated with plain lanolinethan in those treated with lAA. 
Furthermore, the total N, p and K content per unit dry weight 
of apical 5 mm of axillary buds was higher in the inhibited 
buds of lAA treated plants than in the elongating buds of 
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lanoline treated plants. It was found that an adequate 
nitrogen supply to the roots of bean favoured lateral bud 
growth. He concluded that this effect of nitrogen was through 
the production of cytokinins which stimulated lateral bud 
growth. 
Kannan and Mathew (1970) conducted an experiment on 
bean (Phaseolus vulgaris) and maize (Zea mays) to study the 
effect of GA-,, TIBA, CCC, Kinetin and Amo - 1618 on the 
absorption and transport of iron. The seeds were germinated 
in the dark on filter paper supported by a stainless steel 
screen which was kept in a tray containing aerated distilled 
-5 -4 
water. The foliar spray of 10 M of GA_ and TIBA, 5x10 M of 
-4 CCC and 10 M of kinetin and Amo-1618 was done to the plants 
and then the plants were transferred to the nutrient solution 
59 
without Fe. After 3 days, Fe- labelled FeSO. was applied to 
one of the primary leaves. In an another experiment bean and 
maize seedlings were tremsf erred to the nutrient solution 
-4 (without Fe) containing 10 M GA,, CCC or Alar. They observed 
that Fe- absorption was increased by CCC or GA application. 
Transport of Fe was enhanced by GA^ and kinetin application 
to the trifoliate leaves. They also showed that kinetin, CCC 
and Amo-1618 increased the downward transport of iron in the 
stem and roots. Fe absorption was increased by the primary 
leaves when the roots were treated with GA_ or CCC. The 
treatment of roots with TIBA reduced the transport of Fe 
from the primary leaf to upper shoot and also to the stem and 
root significantly. The foliar spray of TIBA reduced the 
transport to upper shoot. The growth retardants viz. CCC and 
Alar increased the Fe absorption which was more or less equal 
to GA^. The Alar was much more effective than GA- and CCC on 
Fe translocation. 
Ilan (1971) conducted an experiment on sunflower 
(Helianthus annus) cotyledons to study the specific effects 
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of kinetin on the selectivity of K and Na uptake. The 
experiments were conducted with leaf discs, detached 
cotyledons and attached cotyledons. For leaf disc experiment, 
vegetative leaves were removed from the upper zone of the 
7 week old plants grown under field conditions. Samples were 
transferred to petridishes containing 6 ml of 5 mM tris HCl 
buffer (pH 7.3) containing 5 mM each of KCl and NaCl, 
streptomycin (0.25 /ug/ml) and penicillin (3 Aig/ml) . In 
detached cotyledons experiment, cotyledons were removed from 
8d old seedlings. In attached cotyldons experiment, 8d old 
plants were selected and 0.05 ml of lanolinepaste (5g lanoline 
with 10 ml aqueous solution of 25 mg/1 benzyladenine) was 
spread on the distal third of the upper side of one of the 
cotyledons of each seedlings. Kinetin stimulated the uptake 
of K but inhibited Na uptake. The K /Na ratio in kinetin 
treated discs was 80-10 0% higher than in control tissues. In 
detached cotyledons experiment, kinetin promoted K uptake, 
whereas the effect on Na uptake was not clear. Similar, 
benzyladenine brought about a significant elevation in the 
K /Na ratio in attached cotyledons. It was concluded that 
cytokinins brought about a change in the selectivity of the 
cells of sunflower leaves and cotyledons towards K and Na 
in such a way that affinity of the cells for potassium was 
increased as compared to sodium. 
Ilan et al. (1971) investigated the specific effects 
of kinetin on the uptake of monovalent cations by sunflower 
(Helianthus annus) cotyledons. They grew the seedlings in 
vermiculite in dark at 26°C. Seedlings at 7d were removed and 
divided into 3 slices by 2 transverse cuts. Samples of 
tissues were subsequently transferred to pertridishes 
containing 5 mM tris HCl buffer (pH 7.3). Cations were added 
as chlorides or as nitrates at a concentration of 5 mM each. 
The dishes were then incubated at 26°C in fluorescent light 
of 4000 lux for 2 4 hrs. Kinetin promoted of uptake of K"*" and 
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Rb"*" into detached sunflower cotyledons together with 
accelarated growth. Uptake of Li was slightly promoted but 
no effect on Na was detected. 
Goldbach et al. (1975) carried out experiment to 
study the influence of N-deficiency on the abscisic acid 
(ABA) content of sunflower (Helianthus annus) var. Goldener 
Neger. The plants were grown in modified Hoagland solution 
and kept in a growth chamber. Seven weeks after permission 
one part of the plants was harvested (initial value), another 
part was continuously kept in N-containing medium for 
additional 7 days. The third part was transferred to a 
nutrient solution containing equivalent amount of K„SO and 
CaSO^ instead of KNO- and Ca(NO-,)„ and it was also incubated 4 3 3 2 
for 7 days. Abscisic acid (ABA) content was determined in 
several parts of the plants and in exudates collected from 
the roots of some of these plants. They found that 
N-deficiency considerably increased the ABA content of the 
older leaves and upper part of the stem had higher ABA 
content. In the roots and exudates of these plants no ABA was 
collected. The roots of normal N-supplied plants were also 
poor in ABA content. Removing the shoots of these normal 
N-supplied plants diminished the ABA content in their roots 
further within 2 4 h. The loss of ABA during this time was 
partially due to excretion of ABA with the exudates. It was 
concluded that N-deficiency induced higher ABA content in the 
shoots by the higher synthesis in the older leaves and its 
quick translocation. 
Mulligan and Patrick (1979) worked on bean (Phaseolus 
Lqaris 
32,' 
vulgar i ) va r . Brown Beauty to study the t ranspor t of C and 
'P- label led assimilates in stem as affected by GA^  
app l i ca t ion . Six h after hormone t rea tment , the source leaves 
14^^ _^, , ^ „_ 14 CO 3' (primary leaves) were exposed to C0„ released from Na, 14 After 6 h following exposure to CO-, 15-cm portion of the 
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stem stumps immediately below the treated cut surface were 
harvested. GA-, at 10 mg/g elicited an optimal transport 
^ 14 
response. Moreover, the response of C- photosynthate 
transfer to this concentration of GA in lanolin was found to 
-5 be comparable to that obtained using 10 M GA- in 1.5% agar. 
Salama and Wareing (1979) carried out an experiment 
on sunflower (Helianthus annus) var. Tall Single to study the 
effect of nitrogen source, phosphorus and potassium on 
endogenous levels of cytokinins. Nitrogen at various levels 
was given as nitrate ammonium sulphate or ammonium nitrate 
type solution. Low levels of nitrogen resulted in rapid 
decrease in the cytokinin levels of leaf, bud, root and root 
exudate. Similar results were also obtained with phosohorus 
deficiency. The effects of potassium deficiency on the 
cytokinin content of leaves was less marked. The cytokinin 
content was higher in plants supplied with nitrogen as 
nitrate than in those supplied with ammonium sulphate or 
ammonium nitrate. 
JDe-La-Guardia and Benlloch (1980) conducted an 
experiment to study the effect of potassium and gibberellic 
acid (GA-) on stem growth of sunflower (Helianthus annus) 
var. Haleon. Three levels of potassium viz. 0.0, 0.5 and 5.0 
mM as KCl was applied. Each seedling with expanded cotyledons 
(6 d after planting) received 10 Ail of GA_ solution and for 
every potassium level, half of the seedlings received the GA-, 
solution and the other half a 0.05% tween solution. 
Application of GA- resulted in an increased stem growth at 
all potassium levels but the relative response to GA-
treatment decreased with increasing potassium levels. A ten 
fold increase in the length of the first internode was 
observed when plants were grown without K but treated with 
GA^. The K content of upper node was always higher than other 
parts of the stem and this K distibution along the plant was 
24 
enhanced by GA^ treatment. They also observed that 
application of GA_ increased the content of reducing sugarsy 
especially in K-deficient plants. Potassium application 
increased the total osmotic component and thus reduced the 
osmotic potential. However, osmotic potential differences 
within the elongating first internode were enhaced by GA_ 
treatment. 
Ray and Choudhuri (1981) conducted a field experiment 
on rice (Oryza sativa) var. Jaya to study the effects of lAA, 
32 GA^ and kinetin on grain filling, yield and pattern of P-
translocation from leaves to grain. The aqueous solutions 
(10 0 yug/ml) of lAA, GA_ and kinetin were sprayed at the rate 
of 5 ml/plant/day for 4 consecutive days at 10 0 days plant 
growth with 0.05% teepol as surfactant. Kinetin produced 
32 pronounced effect on grain filling as well as on P 
mobilizatio from individual leaf to grains. Kinetin also 
increased the yield possibly by increasing leaf longevity. 
Similarly, GA^ and lAA also increased the grain-filling and 
32 
P mobilization significantly over control but the effects 
were less marked than those of kinetin. 
Simpson et al. (1982) carried out a pot culture 
experimet to study the effect of kinetin application to roots 
and its effect on uptake, translocation and distribution of 
nitrogen in wheat (Triticum aestivum) var. SUN9E growth with 
split root system. Seedlings 7 d old, were watered to field 
capacity daily and each root was given 20 ml of N free 
nutrient solution twice a week. NO^ fed roots received 2 0 ml 
of a nitrate solution twice weekly (initial strength 5 mM one 
third as Ca(N02)2 and two third as KNO^). NO- was given to 
one of the seminal roots (NO^ fed roots) only, with the 
exception of control plants of which both roots received NO3 
Kinetin was added to NO^ free roots at 5 ml of either 2x10"^ 
2x10"^ or 2xlU~^M kinetin in distilled water in a week. They 
25 
concluded that the C/N ratio of phloem-sap feeding roots 
growing without kinetin was about Ca 61. Kinetin application 
increased this ratio to Ca 75, partly due to decreased 
translocation of N from the shoots back to the roots. Kinetin 
application decreased the proportion of N that was 
retraslocated to the roots after translocation to the shoots. 
Kinetin increased the rate of NO uptake per root and the 
rate of N incorporation in both roots and shoots by Ca 60%, but 
had no effect on shoot dry matter production. They inferred 
that cytokinins affect the pattern of N translocation in 
wheat plants by increasing incorporation of N in dry matter 
of shoot, thus leaving less for export and also that the 
cytokinins did not play a major role in the regulation of 
shoot growth and the shoot to root ratio. 
^ Bangal et a^. (198 2) carried out a field experiment 
to study the effect of growth regulators and urea on yield 
and yield attributes of gram (Cicer arietinum) var. Chaffa. 
Foliar spray of 25 ppm NAA, 1% Urea, 10 ppm Atrataf and 50 0 
ppm CCC, 50 ppm NAA and 5 ppm 2,4-D increased seed yield 
significantly. The percent increase in grain yield over 
control was highest due to 25 ppm NAA followed by 1% urea, 10 
ppm Atrataf, 50 ppm NAA and 5 ppm 2,4-D. However, the 
treatment 10 ppm 2,4-D reduced the yield. The pod weight/ 
plant due to 25 ppm NAA was significantly higher than any 
other treatment and pod number/plant was maximum in 2,4-D. 
v/A^ ikhe et al.. (1983) conducted an experiment to study 
the effect of growth regulators and urea on pod number of 
pigeon pea (Arachis hypogea) var. No. 148. The treatments 
consists of 50, 100 and 200 ppm NAA; 250, 500 and 1000 ppm 
CCC; 1, 2 and 4% urea and control (VJithout spray) . The first 
spray was applied at 50% flowering (91 days) and two 
subsequent sprays were given at 6 days intervals. They 
observed that all treatments except 200 ppm NAA and 250 ppm 
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CCC significantly increased the total pod number at harvest 
over the control. They noted that increase in the total pod 
number was mainly due to increase in the number of pods on 
the secondary branches. Infact the foliar spray treatments 
even tended to reduce the flower set on primary branches. 
NAA (10 0 ppm) was the only treatment that gave a 
significant increase on the primary branches and combined 
with its secondary response, the highest total pod number. 
The increase in total pods/plants resulted in an increase 
in grain yield. 
Zhukov and Reutov (1985) conducted an experiment to 
study the effect of combined application of fertilizer, 
2,4-D and CCC on the productivity of winter wheat (Triticum 
aestivum) var. Mironovskaya 808. The experiment was done in 
a 4 field crop rotation. At the tillering stage the plots 
were treated with 2,4-D (1 kg of active mattet/ha) and CCC 
(4 kg/ha). Complex application of calculated rates of 
fertilizers, 2,4-D and CCC resulted in an increase in 
grain yield in the second rotation from 1.5-3% upto 20%. 
Chandra et. al. (1986) carried out an experiment to 
investigate the effect of growth regulators viz. GA , 
penicillin (Pn) and their combination (GA + Pn) on the 
yield response of paddy (Oryza sativa) in presence of N 
applied at heading. The crop response to added nitrogen at 
heading increased with GA, Pn and GA + Pn at concentration 
of 20 ppm and showed a positive correlation with N level. 
Dhakal and Erdei (1986) conducted the nutrient 
culture experiment to study the long term effects of 
naphthalene acetic acid (NAA), benzyladenine (BA), 
gibberellic acid (GA ) abscisic acid (ABA) and ethylene on K 
and Na levels, K uptake, K/Na selectivity and translocation 
to the shoot in wheat (Triticum aestivum) var. Martonvasari 
8 grown at different K levels. KCl as a source of K was varied 
in the nutrient solution from 0.02 to 10 nM NAA, BA,GA3, ABA 
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and etheral for ethylene were used in the solution in final 
concentration of 0.01, 0.1, 1.0 and 10 AIM. For NAA, BA, GA^ 
and ethylene the treatment were 0.01 and 1 AIM and for ABA the 
concentration used was 0.1 and 10 AIM. Various determinations 
were done in 16 days old plants. They observed that 
increasing concentrations of the hormones tended to decrease 
the K levels in both shoot and root most effective being ABA 
and relatively less effective NAA. The decrease in K level 
was more pronounced in high K plants than in low K plants. In 
low K plants BA and NAA and to a lesser extent ABA, increased 
the selectivity of roots in favour of K, and this property 
was maintained in the shoot of BA treated low K plants. In 
high K plants NAA reduced K/Na ratios both in roots and 
shoots. ABA brought less pronounced effects and ethylene 
increased selectivity in favour of K in shoots but not in 
roots of the highest K levels. They pointed out that NAA and 
BA inhibited K ( Rb) uptake in low K plants, but not in 
high K plants; and 10 /aM ABA inhibited at all K levels. GA. 
also stimulated K uptake in both low and high K plants but 
ethylene did not. It was inferred that K concentration in the 
plant cell was influenced by auxins, cytokinins and ABA, 
while gibberellic acid and ethylene had less effect. 
Grewal and Gill (1986) conducted a field experiment 
to study the influence of NAA and N on the growth and yield 
of late planted paddy (Oryza sativa). Foliar spray of water 
or NAA at 100 and 200 mg/1 was one at tillering and before 
panicle emergence stages of the plant grown under four levels 
of nitrogen (0, 60, 90 and 120 kg/ha). Foliar spray of NAA 
significantly increased the grain yield as compared to water 
spray under low levels of N (0 and 60 kg/ha) owing to increase 
the niamber of ear bearing shoots/plants, number of filled 
grains/panicle and grain weight. Chlorophyll content of 
leaves, leaf area index and interception of photosynthetically 
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radiation of crop canopy also increased with the foliar 
spray of NAA and nitrogen. 
Hasenstein and Michael (1986) studied the interaction 
effect of Ca and auxin on root elongation in seedlings of 
maize (Zea mays). The seedlings were raised either in 
presence Ca (High Calcium (HC) = Imbibed and raised in 
10 M CaCl„), in absence of additional Ca (Intermediate 
Calcium (IC) = Imbibed and raised in distilled water) or 
without additional Ca and subsequent depleting them of Ca 
(Low Calcium (LC) = imbibed and raised in distilled water 
and subsequently treated with 1 milimolar EGTA). Exposure of 
roots either to HC or IC seedlings and auxin concentration 
from 0.1-10 mM resulted in strong inhibition of elongation. 
In roots of LC seedlings, lAA at 10 >uM concentration caused 
only slight inhibition of elongation. Addition of 0.5 AIM Ca 
ion to LC roots in the presence of lAA allowed normal 
expression of the inhibitory action of hormone. It was 
concluded that Ca ion was necessary for the growth 
regulating action of auxin. 
Nafziger et al. (1986) carried out an experiment on 
winter wheat (Triticum aestivum) var. Hart, McNair 1003, 
Pike, Ronald and Scooty to study their response to growth 
regulators and nitrogen levels. Growth regulators such as 
CCC at 3.37 kg/ha applied at growth stage 5 (GS-5), 
mefluidide at 0.3 kg/ha (GS-5) and ethephon at 0.28 or 0.56 
kg/ha at GS-9. It was observed that increasing the nitrogen 
rate from 84 to 168 kg/ha decreased average yield. 
Mefluidide (0.03 kg/ha) at growth stage 5 (GS-5) also 
decreased the yield. But application of CCC at 3.37 kg/ha 
did not affect the yield. Ethephon applied at growth stage 9 
had no effect on yield when applied at 0.28 kg/ha but 
decreased yield when applied at 0.56 kg/ha. 
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v/ Stopinska (1986a) studied the interaction effect of 
growth regulators and potassiiom on some physiological 
process in bean (Phaseolus vulgaris). The growth regulators 
such as kinetin (10~ M) , GA, (10~ M), lAA (10~ M) or ABA 
_5 •^ 
(5x10 M) were introduced into Hoagland's solution for 2 4 h. 
The regulators were found to have a different effect on the 
potassium level in leaves and roots depending on whether it 
was assessed 1 or 8 days after treatment. The plant growth 
regulators affected the processes of ion uptake and their 
transport in relation to growth. 
Stopinska (1986 b) continued his work on bean 
y(Phaseolus vulgaris) and reported that the increase in the 
amount of potassium levels stimulated growth of organs and 
increased their water content. The effects were associated 
with an increase in the amount of ABA, bound GA and Auxin. 
The effect of potassium on the level of free gibberellins 
and cytokinins depended on the kinds of leaves. In young 
leaves (trifoliate) K was found to have a positive effect on 
the level of free GA, whereas in older leaves this effect 
was concerned with the level of cytokinins. 
Stopinska (1986c) further studied leaf growth and 
chlorophyll level in GA_ treated bean and leaf growth and 
transpiration intensity in ABA treated bean plants at two 
potassium concentrations in the medium (1 and 3 mM KNO-,) . 
Both GA_ and K ions were found to stimulate growth of 
primary leaves and increased their potassium content. In 
contrast GA slightly decreased the potassium content in 
leaves. Both the factors reduced the chlorophyll content but 
did not affect the total chlorophyll amount in the organs. 
Interaction between GA- and K ions was of additive nat\ire. 
The effect of ABA and K ions on growth of both kinds of 
leaves on the amount, content in them were antagonistic. The 
inhibitory effect of hormone was stronger at higher 
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potassium concentration in the medium. GA^ or ABA reduced 
transpiration intensity in leaves, however, the inhibitory 
effect of growth regulator was stronger at lower potassium 
concentration. The potassium level modified both the 
physiological effect of the regulators and the sensitivity of 
bean particularly to ABA. 
•Erdei and Dhakal (1988) conducted a pot culture experiment on 
winter wheat (Triticum aestivum) var. MV-8 to study the 
effect of phytohormones and K status on K transport. The 
hormones NAA, BA, GA., ABA and etheral for ethylene was given 
at 8th day of growth to the plants grown in different K level 
ranging from 0.01 to 10 mM. The concentration of hormones was 
from lO"^ to 10~ .In low K plants, GA3, ethylene and ABA 
Stimulated K ( Rb ) uptake in the concentration region of 
10 to 10 M whereas at 10 M GA and ethylene they had no 
effect and ABA inhibited the uptake. NAA and BA inhibited K 
uptake at all concentrations, more effectively with 
increasing concentration. In high K plants the effects of 
GA_, ethylene and ABA were similar to those in low K plants. 
They also observed that transportation of ions was more 
pronounced in BA. Potassium uptake and translocation were 
both inhibited in low K plants and stimulated in high K 
plants. NAA showed similar but less pronounced effects of 
those of BA, GA_ in low K plants, stimulated translocation 
but did not influence it in high K plants. Ethylene 
_7 
stimulated the process in general but at 10 M it reduced 
translocation in high K plants. ABA at 10" M strongly 
inhibited uptake but had no effect on translocation. 
Naylor and Su (198 8) conducted a field experiment to 
study the effect of chlormequat chloride on lodging of 
Triticale var. Salvo and wheat (Triticum aestivum) var. 
Norman at different nitrogen levels. Plots for each nitrogen 
level received either no chlormequat chloride (control) or 
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foliar applied chlormequat chloride at 0.5 g a.i./ha (0.78 
litres/ha, Arotex Extra 64% w/v a.i., ICI) + Wetter (Agral; 
ICI) at GS33. They pointed out that chlormequat chloride 
reduced the stem length of triticale by 15-20%, but had a 
smaller proportional effect on the shorter wheat reducing 
stem length by no more than 10%. At low nitrogen levels the 
wheat was badly lodged, both in terms of the angle of the 
stems and of the area of plots affected. Application of 
chlormequat chloride had little effect on lodging in wheat. 
Triticale and wheat showed similar pattern of lodging in 
control plots,, but a single low dose application of 
chlormequat chloride was effective in reducing the degree and 
the extent of lodging in Triticale. Increasing levels of 
nitrogen increased the degree and the extent of lodging in 
both untreated plots of triticale, but had no effect on the 
already severe lodging in wheat. 
-Sawan et aj.. (1988) carried out two experiments on 
cotton (Gossypium barbadense) var. 'GIZA 75' to investigate 
the influence the nitrogen (72, 144 or 216 kg/ha), phosphorus 
(36 or 7 2 kg P-Oc/ha) and three growth regulators (lAA, IBA, 
or NAA) each applied to plants at 10 ppm as spray three times 
(70, 85 and 100 DAS). The combined analysis revealed that 
oil, protein and yield/ha increased by increasing N and P 
levels under the application of growth regulators. 
Application of growth regulators and high P level increased 
the oil percentage. The seed oil quality i.e. acid value, 
saponification value and iodine value tended to decrease 
slightly by increasing N rate and application of growth 
substances, while a reverse trend was noticed by raising P 
levels. 
-Naylor (1989) conducted three field experiments to 
study the effects of chlormequat on growth and yield of 
Triticale var. Lasko. The experiment 1 was conducted to study 
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the effect of time of application of chlormequat, the second 
was to find out the effect of chlormequat at different 
nitrogen levels and the final experiment was to find the 
effect of multiple application of chlormequat. The treatments 
were (a) control, no chlormequat, (b) chlormequat at mid 
tillering, (c) chlormequat at booting, (d) chlormequat at 
both stages. Chlormequat was applied at a rate of 0.78 
litre/ha plus Agral wetter (ICI) in a volume of 240 litres 
water/ha. In second experiment treatments chlormequat was 
applied with 0, 30, 60, 90, 120, 150 and 180 kg N/ha at mid 
tillering. In final experiment chlormequat was applied at 
mid-tillering, mid tillering growth stage 2 5 and mid 
tillering + growth stage 25 + growth stage 45. He concluded 
that the application of chlormequat resulted in shorter 
Triticale plants. In two experiments chlormequat application 
led to no statistically significant increase in Triticale 
grain yield, while in the final experiment yield was 
increased. Chlormequat consistently increasxed the number of 
grains/ear but this was offset to some extent by a lower mean 
grain weight. Yield was closely correlated with the number of 
2 grains/m . Leaf senescence was delayed by chlormequat. 
Ramos et a]^. (1989) studied the effect of an early 
application of sulphur or ethephon as foliar sprays on the 
growth and yield of spring barley (Hordeum vulgare). It was 
found that both sulphur and ethephon produced similar results 
compared to control. An application of sulphur or ethephon at 
tillering increased grain yield by raising both the number of 
ears/plant and per plot without modifying the number of 
grains/ear or 100 0 grain weight. 
viUpper and Kulkarni (1989) conducted a field 
experiment to determine the effect of nitrogen levels (0, 
60, 90 and 120 kg/ha) and growth regulators (Cycocel 250 0 
ppm, TIBA) 250 ppm and Kinetin 15 ppm) on seed yield and 
quality of sunflower (Helianthus annus; var. CMS 234 A. The 
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results indicated that 120 kg N/ha and 250 ppm TIBA produced 
highest seed yield, and interaction of these two registered 
significantly higher seed yield, seed quality characters like 
germination, per cent vigour index, protein content seed 
recovery and decreased number of unfilled seeds/ha whid:^  
increased sink capacity and efficient mobilization of 
photosynthates to head. 
Van Sanford et al. (1989 J conducted a field 
experiments to study the interaction effect of ethephon and 
nitrogen use in winter wheat (Triticum aestivum). For this 
purpose nine SRW (Soft Red Winter) wheat cultivars Tyler, 
Massey, Saluda^ Wheeler, Caldwell, Campton, Magnum, Coker 916 
and Pioneer Brand 2550 were selected. Nitrogen was applied as 
NH.NO^ at 50 kg N/ha at GS 3 and again at GS 5. They found 
that the interactions involving cultivars, years and times of 
ethephon application were generally non significant. Total 
above ground plant N at anthesis was significantly greater 
than the control in the ethephon treatments at GS 6 (12%) and 
GS 9 (15%). However, total plant N at maturity and 
partitioning of N, as indicated by nitrogen harvesting index 
were no affected by ethephon application. A 13% increase in 
remobilization of vegetative N during grain filling observed 
in plots treated with ethephon at GS 6 or GS 9. Ethephon 
applied at GS 6 increased the rate and decreased the duration 
of Kernel N accumulation, resulting in a slight reduction 
(2%) in total Kernal N. Grain N concentration was 
significantly increased by the ethephon application at GS 9. 
Ethephon influenced the yield and partitioning of dry matter 
and nitrogen. Harvest index was equal in all treatments. Flag 
leaf area index was greater in wheat treated with ethephon at 
GS than the control or the ethephon treatment at GS 9 but LAI 
was not affected by ethephon application. Ethephon applied 
at GS 9 significantly reduced plant height of all cultivars. 
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Bashist (1990) carried out an experiment to study the effect 
of CCC on N O " uptake and nitrate reductase activity in 
sesamum (Sesamum indicum) var. Tel Gujrat No. 1. Seedlings 
were grown in standard mineral medium (SMM) containing 10 0 
mg/1 CCC under continuous light (7 00 lux). After 72 h growth 
seedlings were thoughtly rinsed with distilled water and 
transferred to petridishes containing 10 ml differait 
concentrations of KNO prepared in SMM and incubated in this 
solution for 6 h. Seedlings were transferred to fresh KNO-> 
solution and NoT uptake was measured from this solution per 
hour. Depletion of NO- from the ambient solution was taken as 
a measure of uptake. He concluded that NoT uptake and NRA 
showed hyperbolic saturation kinetics in both control and CCC 
treated seedlings. CCC promoted N0~ uptake as well as NRA. 
The ratio between NRA/NO~ uptake was nearby double in CCC 
treated seedlings than control. Total sugars were more in 
CCC. 
tGrewal and Kolar (19 90) conducted field experiments 
for three years on mustard (Brassica juncea) var. RIM 619 and 
RLM 198 to study its response to CCC and etheral sprays in 
association with nitrogen application. The growth regulators 
(250 and 500 ppm of ccC, 500,10 00 and 1500 ppm of etheral) were 
applied at the time of flowering at 4 0 and 60 DAS in RIM 
619 and RLM 198 respectively along with 0, 50 and 10 0 kg 
N/ha. They observed that the foliar spray of CCC (25 0 or 500 
ppm) and etheral (500 ppm) at nitrogen levels (50 and 10 0 
kg/ha) increased LAI as compared to water spray. At 50 kg 
N/ha, 250 ppm CCC and 50 0 ppm etheral significantly improved 
the yield, whereas at 10 0 kg N/ha, 50 0 ppm CCC (1000 ppm 
etheral showed better response than the lower doses of growth 
regulators. CCC (250 and 500 ppm), etheral (500, 1000 and 
1500 ppm) at all doses improved the oil percentage of seeds 
at 0 and 50 kg N/ha, but not at 10 0 kg N/ha. 
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.Karmokar and Begum (19 90) studied the effect of GA^ 
on accumulation and distribution of potassium, sodium and 
chlorine in mungbean (Vigna radiata) var. Mubarik. They found 
GA-, increased Na and CI content in leaves, but had no 
effect on K transport. They concluded that GA favoured 
tonoplast transport and also that GA_ increased both net 
influx and long distance transport of Na . 
V Meyyappan et £l. (19 91) conducted a field experiment 
under irrigated condition to study the effect of plant growth 
regulators and micronutrients alone and in combination on 
chlorophyll content and Hill activity of ground nut (Arachis 
hypogea) var. VRI-I. The different treatment were water 
sprayed control, NAA (40 ppm), Triacontanol (3 ppm), MnSO 
(0.6%), Borax (0.2%), NAA + MnSO., NAA + Borax, Triacontanol 
+ MnSO. and Triacontanol + Borax. The treatments were given 
as foliar spray on 25th and 40th days after sowing and plant 
samples were collected 15 days after each spray. Among the 
individual applications, NAA recorded increase of 23.25% in 
total chlorophyll content and 17.87% in Hill activity over 
water sprayed control. The combined applications of NAA + 
Borax showed increase of 38.45% total chlorophyll content and 
48.87% Hill activity. 
- Rangacharya and Bawankar (19 91) conducted a field 
experiment to study the effect of growth regulators on 
nitrogen uptake, yield and grain protein in pearl mille^ t_ 
(Pennisetum typhoides) var. WCC-75. A 40 ppm Naphthalene 
acetic acid, Indole-3-acetic acid. Ascorbic acid, Salicylic 
acid, B-Naphthol and Resorcinol at 30 and 45 days after 
sowing. The different growth regulatos had significantly 
affected the plant height, harvest index and nitrogen uptake 
in grains, fodder and grain yield. NAA treatment had 
increased consistently plant height, harvest index nitrogen 
uptake and grain yield followed by lAA treatment. The effect 
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of the rest of regulators were not consistant. They conclvxJed 
that grain yield and grain quality was improved by NAA and 
lAA treatments, by improving nitrogen uptake and its 
utilization in grain setting and grain filling. 
'Amzallag et al. (1992) carried out an experiment to 
study the interaction effect of mineral nutrients, cytokinin 
and gibberellic acid in sorghum (Sorghum bicolor) var. 610 
grown at high NaCl level. The daily increase in NaCl was 25 
o 3 
mol/m 1 until 150 mol/m was reached. When the salt 
3 
concentration was raised to 30 0 mol/m , it was increased 
3 
stepwise by 75 mol/m NaCl per day. Phytohormones and 
increased mineral concentration had similar effects. The 
change in mineral concentration in the nutrient medium, in 
addition to its nutritional effect also acted as signal 
involved in hormonal balance which allowed growth at high 
3 
salinity. Exposure of sorghum to 300 mol/m NaCl caused a 
decreased in the range of nutrient concentrations which 
sustained growth. They postulated that adjustment of the 
nutrient concentration might have induced the synthesis of 
endogenous KN and GA concentrations required for growth. In 
contrast, addition of KN or GA at similar concentrations 
during the adaption period inhibited growth and prevented the 
adaptation process. 
Sugiharto et al. (1992) carried an experiment to show 
that cytokinin requirement to induce the nitrogen dependent 
accumulation of mRNAs for phosphoenol pyruvate carboxylase 
and carbonic anhydrase in detached maize (Zea myas) leaves. 
Intact maize plants indicated that phosphoenol pyruvate 
carboxylase level was controlled by nitrogen availability. 
Phosphoenol pyruvate carboxylase (PEPC) and carbonic 
anhydrase (CA) mRNA level decreased in leaves detached from 
maize plants. Addition of high nitrate did not prevent this 
decrease. However, the addition of zeatin to solutions 
bathing the cut ends of the detached leaves inhibited the 
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decrease of PEPC and CA mRNA levels. Simultaneously addition 
of high nitrate and zeatin to leaves detached from N 
deficient maize plants caused a large and rapid increase in 
PEPC and CA mRNA levels. 
^Smiciklas and Below (1992) carried out a field and 
hydroponic experiment to study the effect of cytokinin on the 
productivity of maize (Zea mays) var. B73 x LH51 supplied 
with NH4 and NO"3 forms of nitrogen. In field experiment 22 4 
kg N/ha as calcium nitrate for NO3 plots and urea for NH4 + 
NO3 plots was applied at third leaf stage. At A, 6, 8, 10, 14 
and 18th leaf stages, 2 2 AIM 6-benzylamino-purine (BAP) plus 
0.01% Tween 80% surfactant were applied to the entire 
vegetative portion of the plants. In hydroponic study, 14 day 
old seedlings were transplanted in green house hydroponic 
system. One half of the plots received 216 mg/1 N as 50:50 
ratio of NH4N:N03N, while the other half was supplied with 
216 mg/1 NO3N. NH4NO3 nutrition increased ear shoot N content 
by 200% and whole shoot N accumulation by 25%. During 
vegetative growth, NH4+NO3 plants had higher concentrations 
of endogenous cytokinin zeatin and zeatin riboside in root 
tips than NO3 grown plants. It was suggested that enhanced 
ear shoot and grain production of plants supplied with 
WH4+NO3 was associated with an increased endogenous cytokinin 
supply. 
'Gaikwad and Sundara (19 93) conducted a field 
experiment to study the effect of plant growth regulators and 
nutrients on short duration sugarcane (Saccharum officinarum) 
var. CO 83 38. They applied, growth regulators (GA- + NAA) to 
leaves and nutrients (urea + KCl) was added to the plants. It 
was noted that the foliar treatment of gibberellic acid (GA ) 
resulted in the highest yield which was 20% more than the 
control. Foliar application of GA_ and urea + KCl also 
improved the juice quality and sugar yield. 
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Naylor and Stephen (1993) carried out five field 
experiments to study the effect of chlormequat and nitrogen 
on grain size, nitrogen content and aminoacid composition of 
Triticale var. Lasko and Salvo. In experiment 2, nitrogen 
application above 120 Kg/ha increased the grain nitrogen 
content of plot receiving no chlormequat whereas application 
above 90 kg/ha increased it of plots with chlormequat. 
Nitrogen recovery (experiment 2) was linearly related to 
grain density (r = o.94). There was no significant difference 
in nitrogen recovery over the range 60 to 12 0 kg N/ha. They 
also observed that the chlormequat had no effect on grain 
yield in experiment 1 and 3 but increased it significantly 
in experiment 2 and 4. The nitrogen content of grain was 
increased by later applications (GS 47) of chlormequat in 
experiment 1, but applications at GS 23 had no effect. 
However, in experiment 2, chlormequat applied at GS 23 
decreased grain nitrogen content. The nitrogen recovery was 
not affected by chlormequat except in experiment 4 where it 
increased at all nitrogen treatments. Early application of 
chlormequat increased the proportions of aspartic acid, 
histidine and alanine and decreased leucine. Late 
application increased aspartic acid, glutamic acid and 
leucine, and had no effect on the proportion of histidine 
and increased the proportion of other amino acids notably 
lysine and threonine. The recovery of most aminoacids was 
not affected by chlormequat but lysine recovery was 
decreased and glutamic acid recovery increased by late 
application. 
.Singh and Sahu (1993) conducted a field experiment 
to study the effects of phosphate carriers iron and indole 
acetic acid on iron nutrition and producitivity of pea nut 
(Arachis hypogea) on a calcarious soil. The treatments 
consisted of four basal treatments (control, DAP and SSP 
applied at 60 kg P2 05/ha, and a S treatment of 45 kg S/ha 
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supplied as gypsum). These soil treatments were combined 
with four foliar treatments (control/ 0.2% Fe-EDDHA, 0.5% 
ferric citrate and 10 ppm lAA). Foliar sprays were applied 
20 days after sowing, with a repeat application after 15 
days. The Fe-EDDHA and lAA spray increased the pod yield/ 
plant while the ferric citrate treatment equalled with the 
control, DAP and SSP treatments also increased pod yield 
while the gypsum treatment gave a higher significant 
increase. 
Agrawal eit al. (1994) studied the impact of foliar 
spray of growth regulators on nutrients dynamics in berseem 
(Trifolium alexandrium). The spray treatment of lAA, GA and 
2,4-D at the rate 25 ppm and 50 ppm each were applied at 
vegetative (30 days), bud/flower initiation stage (120 
days) and after the maximum dry weight obtained in control 
(180 days). It was reported that the average percentage and 
uptake of nitrogen, phosphorus and potassium in above 
ground parts were observed in GA (50 ppm) sprayed plots. 
The maximum net loss of nutrients through litter and sorts 
was observed in 25 ppm GA sprayed plots for nitrogen, 
phosphorus and potassium. 
•iKhan et_ al^ . (1996) found that in mustard addition 
of 20 mM nitrogen (as NaNO^) inhibited after 50d activities 
of carbonic anhydrase and nitrate reductase and net 
photosynthetic rate. However, when nitrogen was applied in 
association with the foliar spray of GA^, the inhibition 
was reversed and the parameters studied above and leaf area 
index and dry mass were also enhanced. 
2.4 Concluding Remarks 
The available review clearly establishes that 
phytohormones play a crucial role in averting growth and 
yield behaviour through efficient uptake and translocation 
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of nutrients towards the developing sink and also manouvers 
many of the physiological processes. It has opened a new 
era of research in which the interaction of phytohormones 
with applied nutrients could be expected for increasing the 
productivity and quality of oilseed crop, the importance of 
which has been discussed in Chapter 1. It is also evident 
from the literature that studies on productivity and 
quality of mustard have not been conducted so far. It may 
be added that rapeseed mustard is one of the major crops 
among the oilseeds cultivated in our country. It is no 
wonder that they occupy a high priority in the current 
Government strategy for improvement of agricultural 
production as edible oils have shown a persistent demand. 
The research work reported in the subsequent chapter is 
related to this aspect in order to fill the existing lacuna 
in our understanding of phytohormone nutrient relationship 
in augmenting the performance of mustard. 
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CHAPTER - 3 
MATERIALS AND METHODS 
Five field experiments on mustard (Brassica juncea L. 
Czern & Coss. ) var. Varuna reported and discussed in this 
thesis, were conducted during 'rabi' (winter) seasons of 
1992-1995 at the 'University Agricultural Farm' of Aligarh 
Muslim University, Aligarh, India. Variety Varuna was 
included in the study as it has been found in earlier studies 
to be best suited to this region (Khan, 1988, Khan et al. , 
1990; Samiullah et al., 1990). 
3.1 Agro-climatic Oonditions 
Aligarh is one of the sixty five districts of Uttar 
Pradesh (North India). It has an area of 5,024 sq.km. and is 
situated at 27°52'N latitude, 78°51'E longitude and 187.45 m 
altitude above sea level. Its climate is semi-arid and sub-
tropical with hot dry summers and cold winters. The winter 
extends from the middle of October to end of March. The mean 
temperature for December and January, the coldest months, is 
about 15°C and 13°C and the extreme minimum record for any 
single day is 2°C and 0.5°C respectively. The summer extends 
from April to the end of June and the average temperature for 
May is 34.5°C and for June, 34°C, whereas the extreme maximum 
record is 45°C and 45.5°C respectively (Fig. 5 ). The 
average annual rainfall is 847.3 mm. More than 85% of the 
total rainfall occurs during June to September and some 10% 
in winter (Fig. 6 ). The winter rainfall is useful for 'rabi' 
crops. The meteorological data for the period of the present 
investigation were recorded at the meteorological 
observatory, Department of Physics, Aligeirh Muslim University 
and are presented in Figs 7-8. 
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Aligarh district has the same soil composition and 
appearance as that found generally in Western Uttar Pradesh. 
Different types of soils such as sandy, loamy, sandy loam and 
clayey loam are found in the district. The clayey loam soil 
is more frequent. 
3.2 Soil characteristics 
Soil samples were collected from each plot upto a 
depth of about 15 cm. before sowing. They were mixed 
thoroughly to get a composite sample. The soil samples were 
analysed for various physico-chemical characteristics of the 
soil for each experiment and are given in Table 1. 
3.3 Field Preparation 
The field was thoroughly ploughed to turn the soil 
for maximum aeration and to eliminate the weeds. Finally 10 
sq.m. plots were prepared according to the design of the 
experiment and were irrigated lightly before sowing to 
maintain proper moisture content in the sub surface of the 
soil. The required fertilizer was broadcasted in each plot 
homogenously just before sowing. The sowing was done in 
furrows of 13-15 mm in depth prepared by hand drawn plough at 
seed rate of 10 kg/ha, and plant population was maintained at 
2 
the rate of 13 plants/m (20x4 0 cm) by thinning. 
3.4 Seeds 
Authentic seeds were obtained from Indian Agricultural 
Research Institute (I.A.R.I.), New Delhi, India. Seeds of 
uniform size were selected before sowing. Surface 
sterilization of the seeds was done by using 0.1% mercuric 
chloride. 
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3-5 Experiment 1 
This experiment was conducted according to factorial 
randomised block design during winter season of 199 2-93. In 
-6 -5 -4 this experiment/ foliar spray of 0, 10 , 10 and 10 
Molar (M) each of indole-acetic acid (lAA) gibberellic acid 
(GA-) and kinetin (KN) along with 0.5% teepol as surfactant 
was done at the rate of 60 0 lit./ha at 4 0 days after sowing 
(DAS) on mustard (Brassica juncea L. Czern & Coss.) var. 
Varuna to find out the most suitable growth regulator and its 
concentration for best performance of the crop. Each 
phytohormone was sprayed at the rate of 60 0 ml/plot. In 
control set equal amount of de-ionised water with 0.5% teepol 
was sprayed simultaneously with the treatment. The scheme of 
the treatment is given in Table 2. 
A uniform basal dose of 90 kg N, 30 kg P and 30kg K/ha 
as urea, monocalcium superphosphate and muriate of potash was 
applied to the soil at the time of sowing. The size of each 
plot was 10 sq.m. The seeds were sown on 10th October, 1992, 
by the usual behind the plough method at the rate of 10 
kg/ha. The distance of 4 0 cm between rows and 2 0 cm between 
the plants in the row was maintained. At plant establishment 
uniform plant population was maintained. Each treatment was 
replicated thrice. Irrigation was done twice during the 
entire growing period of the crop. Spray of an insecticide 
(Dimecron-10 0) was done to check aphid infection if any. 
At 20 days interval, i.e. 40, 60, 80, 100 and 120 
DAS, five plant samples from each plot was uprooted with the 
help of hand hoe and various growth characteristics (P. 47 ) 
NPK contents and their accumulation (P.49 ) were recorded. 
Crop growth rate (CGR), relative growth rate (RGR) and net, 
assimilation rate (NAR) were calculated at 4 0-60, 60-80, 
80-100 and 100-120 d intervals. At harvest (120 DAS) yield 
attributes (P. 53 ) and quality parameters (P. 5 3 ) were 
studied. 
Table 2: Scheme of treatments for Experiment 1 (Factorial-
randomised) 
PHYTOHORMONES 
CONCENTRATIONS (MOLAR) 
10 -6 10 -5 10 -4 
lAA 
GA, 
KN + 
N.B.: 1. A uniform basal dose of 90 kg N, 30 kg P and 30 kg 
K/ha was applied at the time of sowing. 
2. Spray treatments were given at 4 0 days after sowing 
(DAS). 
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3.6 Experiment 2 
This experiment was performed according to factorial 
randomised block design during next 'rabi' season of 19 93-9 4. 
The physico-chemical properties of the soil are given in 
Table 1. This experiment was based on the findings of 
Experiment 1. The aim of this experiment was to establish 
the most suitable stage of growth for foliar spray of 
phytohormone selected in Experiment 1. The foliar spray of 
10~ M of GA, (selected on the basis of Experiment 1) at 40, 
60, and 80 days after sowing, corresponding to flower 
initiation, pod initiation and pod maturation stages of the 
crop, was done on mustard var. Varuna. At each spray 600 
lit/ha of phytohormone with 0.5% teepol was done, while 
control plots were sprayed with equal amount of de-ionised 
water and 0.5% teepol. Each treatment was replicated three 
times. The seeds were sown on 15th October, 19 93. Scheme of 
the treatment is given in Table 3. All other agricultural 
practices including size of plots, sowing method, seed rate, 
uniform basal fertilizer, number of irrigation, weeding and 
pest control operations were kept same as in Experiment 1. 
Plants from each plot were sampled at 40,60,80,100 and 120 
DAS to assess growth performance including leaf NPK content 
and uptake. Crop growth rate (CGR), relative growth rate 
(,RGR) and net assimilation rate (NAR) were calculated for the 
periods 40-60, 60-80, 80-100 and 100-120 d intervals. Yield 
and quality characteristics were studied at harvest. 
3.7 Experiment 3 
This experiment was based on the findings of 
Experiments 1 and 2 and was conducted according to factorial 
randomised block design during 'rabi' season of 19 94-95. The 
physico-chemical properties of the soil are given in the 
Table 1. 
Table 3: Scheme of treatments for Experiment 2 (Factorial-
randcxnised) 
SPRAY TREATMENT ^^^^^ STAGES (DAYS AFTER SOWING) (DAS) 
40 60 80 
Water (control) + + + 
GA (10~^M) 
N.B.: A uniform basal dose of 90 kg N, 30 kg P and 30 kg K/ha 
was applied at the time of sowing. 
T a b l e 4 : Scheme o f t r e a t m e n t s f o r E x p e r i m e n t 3 ( F a c t o r i a l 
r a n d o m i s e d ) . 
SPRAY TREATMENT 
BASAL NITROGEN LEVELS (Kg h a ' ^ ) 
No ^ 0 ^80 ^ 2 0 
vja ter ( c o n t r o l ) + + + + 
GA^ (10~^M) + + + + 
N.B.: 1. A uniform basal dose of 30 kg P and 30 kg K/ha were 
applied at the time of sowing. 
2. Spray treatment was given at 4 0 days after sowing 
(DAS) . 
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The aim of this experiment was to investigate the 
-5 
effect of foliar spray of 10 M of GA^ I Selected from 
Experiment 1) at 40 d after sowing (selected in Experiment 2; 
alongwith four levels of basally applied nitrogen (0, 40, 80 
and 12 0 kg N/haj and to determine their optimum combination 
for growth, yield and quality performance of mustard var. 
Varuna. GA^ (10~ M) was sprayed at the rate of 600 lit/ha 
together with 0.5% teepol. Control-set was sprayed with 
de-ionised water and teepol. The treatments are summarized in 
Table 4. There were eight combinations of treatment, each 
replicated thrice. A uniform basal dose of 30 kg P and 30 kg 
K/ha as monocalcium superphosphate and muriate of potash 
respectively was given to the soil at the time of sowing. The 
source of nitrogen was urea. Sowing was done on 14th October, 
1994 in 10 sq.m. plots. The details of the other agricultural 
practices, i.e. preparation of field, size of plots, sowing 
method, seed rate, irrigation and pest control measures were 
same as described in Experiment 1. 
Sampling was done at 40,60,80,100 and 120 to assess 
growth performance, NPK content and accumulation of the crop. 
Crop growth rate (CGR), relative growth rate (RGR; and net 
assimilation rate (NAR) was calculated for the periods 40-60, 
60-80, 80-100 and 100-120d interval. Yield and quality 
characteristics were studied at harvest. 
3.8 Experiment 4 
This experiment was conducted simultaneously with 
Experiment 3 and was based on the findings of Experiment 1 
and 2 i.e. the best phytohormone (GA-) with its concentration 
-5 (10 MJ and best growth stage (40 d after sowing). The aim of 
this factorial randomised experiment was to study the effect 
_5 
of foliar spray of 10 M of GA^ (selected in Experiment 1; at 
40 d after sowing (selected in Experiment 2) alongwith four 
levels of basally applied phosphorus (0,15,30 and 45 kg/haJ 
Table 5: Scheme of treatments for Experiment 4 (Factorial 
randomised). 
SPRAY TREATMENT 
BASAL PHOSPHORUS LEVELS (Kg ha ^) 
P P P P 
0 15 30 ^45 
Water (control) + + 
GA (10 ^M) + + + 
N.B.: 1. A uniform basal dose of 90 kg N and 30 kg K/ha were 
applied at the time of sowing. 
2. Spray treatment was given at 40 days after sowing 
(DAS). 
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as monocalcium superphosphate on the performance of the 
mustard var. Varuna. Spray of 600 lit/ha either of 10 M GA^ 
or de-ionised water was done together with 0.5% teepol. The 
effect was assessed in terms of growth characteristics 
including CGR, RGR and NAR, NPK content and their 
accumulation and yield and quality characteristics as in 
earlier experiments The summary of the treatments given in 
Table 5. Total eight treatments were there and each was 
replicated thrice. 
A uniform basal dose of 90 kg N and 30 kg K/ha as 
urea and muriate of potash respectively was applied at the 
time of sowing. The sowing of seeds in 10 sq.m. plots was 
done on 14th October, 1994. The details of other agricultural 
practices v>/as same as in Experiment 1. 
3.9 Experiment 5 
This experiment was also conducted simultaneously 
with Experiment 3 in 199 4-95 and based on the findings of 
Experiment 1 and 2, i.e. the phytohormone (GA^) with its 
-5 
concentration (10 MJ and best growth stage for its spray 
(40 d after sowing). The aim of this experiment was to study 
the potassic fertilizer utilization efficiency of mustard (as 
assessed by growth, yield and quality performance of the crop 
.nf; 
,-5. 
as in earlier experiments) under the spray i luence of 10~ M 
GA_ at 40 d after sowing. Foliar spray of 10 M GA^ (selected 
in Experiment 1) at 40 d after sowing ^.selected in 
Experiment 2) was done on mustard var. Varuna grown with four 
levels of basally potassium (0,20,40 and 60 K kg/ha) as 
muriate of potash. Each treatment was replicated thrice. The 
amount of spray to plots and teepol either in treatment or in 
control was the same as described in earlier experiments. The 
summary of the treatments is given in Table 6. 
A uniform basal dose of 90 kg N and 30 kg P/ha as 
urea and monocalcium superphosphate respectively was applied 
Table 6: Scheme of treatments for Experiment 5 (Factorial 
randomised) 
SRAY TREATMENT 
BASAL POTZ^SIUM LEVELS (Kg ha~^) 
^0 ^20 ^40 ^60 
Water (control) + + 
GA^ (lO'^M) 
N.B. 1. A uniform basal dose of 90 kg N and 30 kg P/ha were 
applied at the time of the sowing. 
2. Spray treatment was given at 4 0 days after sowing 
(DAS). 
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at the time of sowing. The sowing was done on 14th October, 
1994 in 10 sq.m. plots. The details of the other agricultural 
practices were same as in Experiment 1. 
3.10 Sampling Technique 
Five plants from each plot was uprooted with the help 
of hand hoe at various growth stages (4 0,60,80,10 0 and 12 0 
DAS)' for the study of various growth characteristics, N, P 
and K concentrations and their accumulation in plants. At 
2 harvest (120 DAS) 25 plants, equivalent to 2 m land area were 
removed, the pods were collected, counted, sundried and 
weighed. The remaining plant material was sundried and 
weighed and pods weight were added for biological yield. The 
pods were carefully thrashed and seeds were collected and 
weighed and seed yield was calculated. Random samples were 
taken from the thrashed seeds for determining the 1000 seed 
weight. 
3.11 Growth Chracteristics 
The following growth characteristics were studied at 
40,60,80,100 and 120 DAS. 
1. Shoot length/plant 
2. Total dry weight/plant 
3. Leaf area/plant 
4. Leaf area index (LAI) 
5. Crop growth rate (CGR) 
6. Relative growth rate ^RGR) 
7. Net assimilation rate (NAR) 
Grovrth Characteristics 
3.11.1 Leaf Area (LAJ 
Leaf area was calculated by Gravimetric method. The 
leaf area of few leaves from each treatment was determined by 
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tracing on graph sheet and dry weight for these leaves were 
recorded. The leaf area/plant was computed by using the leaf 
dry weight/plant and the dry weight of those leaves for which 
the area was estimated. 
3.11.2 Leaf Area Index (LAI) 
The leaf area index was calculated by using the 
formula suggested by Watson (1958). 
, - , Leaf area 
LAI = Ground area 
3.11.3 Crop Growth Rate (CGR) 
The crop growth rate was calculated by the formula 
suggested by Watson (1952). 
CGR = — 
dt 
Here, dw = differences in dry weight at given time/plant 
dt = time interval 
Unit of CGR= g/plant/day 
3.11.4 Relative Growth Rate (RGR) 
Relative growth rate was calculated according to the 
formula given by Radford (1967). 
RGR = 
i.e. RGR = 
In W2 - In W-j^  
^2 - ti 
2.303 (logj^ QW2 - logiQW-^) 
^2 ~ ^1 
Here, VI-^ = dry weight of plant at I growth stage 
t, = days to sampling at I growth stage 
W = dry weight of plant at II growth stage 
t2 = days to sampling at II growth stage 
Unit of RGR= mg/g/day. 
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3.11.5 Net Assimilation Rate (NAR) 
Net assimilation rate was calculated by the formula 
given by Milthorpe and Moorby (1979). 
NAR = ^2 ~ **1 ^^ ^2 ~ ^^ ^1 
t2 - tj_ L2 - L3_ 
W2 - W-j^  2.303 Uog-,^QL2 - log-j^ QL-j^ ) 
i.e. NAR = 3 - — X T _ T 
t2 tj^  L2 1^1 
Here, W, = dry weight of plant at I growth stage 
L, - leaf area of plant at I growth stage 
t, = days to sampling at I growth stage 
W = dry weight of plant at II growth stage 
Ly = leaf area of plant at II growth stage 
t2 = days to sampling at II growth stage 
In = logarithm to base e 
log, = logarithm to base 10 
2 
Unit of NAR = g/m /day 
3.12 Biochemical Pareuneters 
At various sampling stages, i.e. 40,60,80,100 and 120 
DAS following biochemical parameters were studied: 
1. N content in plants 
2. P content in plants 
3. K content in plants 
4. N, P and K uptake in plants. 
3.12.1 NPK Concentration 
The plant samples were allowed to dry in an oven at 
80°C for 24 h. After measuring their dry weight, the material 
was finally powdered and was passed through 70 mesh screen 
and stored in polythene vials. 
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3.12.1.1 Digestion for H, P and K Contents 
100 mg of oven dried powder of each sample was 
transferred to a 50 ml kjeldhl flask to which 2 ml sulphuric 
acid was added. The contents of the flask was heated on 
temperature controlled assembly for about 2 h to allow 
complete reduction of nitrates present in the plant material 
by the organic matter itself. As a result, the contents of 
the flask turned black. After cooling the flask for about 15 
minutes, 0.5 ml 30% hydrogen peroxide was added drop by drop 
and the solution was heated again till the colour of solution 
changed from black to light yellow. After cooling for about 
30 minutes an additional 3-4 drop of 30% hydrogen peroxide 
was added followed by heating for another 15 minutes. The 
addition of 30% hydrogen peroxide followed by heating was 
repeated if the contents of the flask do not become 
colourless. The peroxide digested material was transferred 
from the kjeldahl flask to 100 ml volumetric flask with three 
washings, each with 5 ml double distilled water (DDW). Volume 
of the solution was made upto the mark with DDW. 
3.12.1.2 Estimation of Nitrogen 
Estimation of nitrogen was carried out by the method 
of Lindner (1944). A 10 ml aliquot of the above digest was 
taken in a 50 ml volumetric flask. To this were added 2 ml of 
2.5 N sodium-hydroxide and 1 ml of 10 percent sodium silicate 
solution to neutralise excess of acid and to prevent 
turbidity respectively. The volume of the solution was made 
up to the mark with the distilled water. In a 10 ml graduated 
test tube, a 5 ml aliquot of this solution was taken and 0.5 
ml of Ifessler's reagent was added and mixed. The final volume 
was made up with DDW. The contents of the tube were allowed 
to stand for 5 min for maximum colour development. The 
solution was transferred to a colorimetric tube and the 
optical density (OD) was read at 525 nm with the help of a 
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spectrophotometer A blank consisting of distilled water and 
Nessler's reagent was run simultaneously. 
3.12.1.2.1 Standard Curve for Nitrogen 
50 mg ammonium sulphate was dissolved in 1 lit DDW. 
From this solution 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 
0.9 and 1.0 ml was pipetted to ten different test tubes. The 
solution in each test tube was diluted to 5 ml with DDW. In 
each test tube, 0.5 ml Nessler's reagent was added. After 5 
minutes, the optical density was read at 525 nm on 
spectrophotometer. A blank was run with each set of 
determination. Standard curve was prepared using different 
dilution of ammonium sulphate solution versus optical density 
and with the help of the standard curve the amount of 
nitrogen present in the sample was determined. 
3.12.1.3 Estimation of Phosphorus 
Total phosphorus in the sulphuric acid peroxide 
digest was estimated by the method of Fiske and Subba Rao 
(1925). A 5 ml aliquot was taken in a 10 ml graduated test 
tube and 1 ml of molybdic acid (2.5% ammonium molybdate in 
10 N sulphuric acid) was added carefully, followed by the 
addition of 0.4 ml of l-amino-2-nephthol-4- sulphonic acid. 
The colour turned blue. DDW was used to make up the volume to 
10 ml. the solutions was shaken, kept for 5 min and then 
transferred to a colorimetric tube. The optical density was 
read at 620 nm on a spectrophotometer. A blank was used 
simultaneously with each determination. 
3.12.1.3.1 Standard Curve for Phosphorus 
351 mg potassium dihydrogen orthophosphate was 
dissolved in sufficient DDW to which 10 ml ION H„SO. was 
added and the final volume made up to 1 lit with the help of 
b2 
DDW. From this solution 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 
0.8, O.y and 1.0 ml was taken in ten different test tubes. 
The solution in each test tube was diluted to 5 ml with DDW. 
In each tube, 1 ml molybdic acid and 0.4 ml l-amino-2-naphthol 
4-sulphonic acid was added. The volume was made up to 10 ml. 
After 5 min, the optical density read at 62 0 nm on 
spectrophotometer. A blank was also run with each set of 
determination. Standard curve was prepared using different 
dilutions of potassium dihydrogen orthophosphate solution 
versus optical density and with the help of standard curve, 
the amount of phosphorus present in the sample was 
determined. 
3.12.1.4 Estimation of Potassium 
Potassium content was estimated flame photometrically. 
A 10 ml aliquot was taken and it was read by using the filter 
for potassium. A blank was also run side by side with each 
set of determination. The readings were compared with a 
calibration curve plotted using known dilutions of a standard 
potassium chloride solution. 
3.12.1.4.1 Standard Curve for Potassium 
1.91 g potassium chloride was dissolved in 100 ml of 
DDW, from which 1 ml solution was diluted to 1 lit. The 
resulting solution was of 10 ppm potassium. From this 10 pprr. 
potassium solution 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 ml 
solution was transferred to 10 vials separately. The solution 
in each vial was diluted to 10 ml with DDV^ . The diluted 
solution of each vial was run separately. A blank was also 
run with each set of determination. Standard curve was 
prepared using different dilutions of potassium chloride 
solution versus readings on the scale of the galvanometer. 
The amount of potassium present in sample was determined with 
the help of standard curve. 
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3.12.2 H, P and K Uptake 
Based on nitrogen/ phosphorus and potassium contents 
of plant at different sampling stages and their respective 
dry matter at these stages, the N, P and K uptake were 
calculated. 
3.13 Yield Characteristics 
The following yield and its attributes were studied 
at harvest: 
1. Pods/plant 
2. Seeds/pod 
3. 1000 seed weight 
4. Seed yield 
5. Biological yield 
6. Oil yield (,kg/ha) 
7. Harvest index (HI) 
3.14 Quality Characteristics 
The oil was analysed for the following quality 
characteristics: 
1. Oil content 
2. Acid value 
3. Iodine value 
4. Saponification value 
5. Fatty acid composition (Experiments 3, 4 and 5 only; 
3.14.1 Determination of Oil Content 
The seed samples were crushed to get a fine meal for 
extracting the oil after separating them from extraneous 
material. 25 g of seed powder was transferred to a Soxhlet 
apparatus to which sufficient quantity of pure petroleum 
ether was added. The apparatus was kept on a hot water bath, 
running at 60°C, for about 6 h, for complete extraction of 
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the oil. The petroleum ether, containing the extracted oil 
was evaporated. The extrated oil was expressed as a 
percentage by weight and was calculated by this following 
formula: 
100 X w„ 
^s 
"®^®' WQ = weight of oil in g 
w = weight of seed powder in g 
3.14.2 Determination of Acid Value 
The acid value is the number of mg of potassium 
hydroxide (KOH) required to neutralize free acid in 1 g of 
substance. It was determined by the following method 
IAnonymous, 197 0). 
2 g of oil was taken in a 250 ml conical flask and 50 
ml of solvent mixture (Appendix) was added to disssolve the 
oil. Titration was carried out with 0.1 N potassium hydroxide 
solution (Appendix) using phenolphthalein (Appendix) as an 
indicator. Number of ml 'a' of 0.1 N potassium hydroxide 
required was noted. The acid value was calculated by the 
following formula: 
Acid value = 'a' x 0.00561 x 1000 
W 
Here, a = ml of 0.1 N KOH 
W = weight of o i l in g 
3 . 1 4 . 3 Determination of Iodine Value 
The iod ine va lue of o i l i s t he number of halogen 
absorbed by 10 0 g of o i l and expressed as t h e weight of 
i o d i n e . I t was determined by i o d i n e monochloride method given 
below (Anonymous, 1970) . 
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2 g accurately weighed oil was placed in a dry round 
bottom flask. 10 ml of carbon tetrachloride (CCI4) and 
20 ml of iodine monochloride tlCl) (Appendix) were added. The 
flask was stoppered and allowed to stand in a dark place for 
about 30 min. Thereafer, 15 ml of potassium iodide (KI) 
solution VAppendix) and 100 ml of DDW were poured with gentle 
shaking. Titration was carried out with 0.1 N sodium 
thiosulphate (Na2S20^) solution (Appendix) using starch 
solution (Appendix) as an indicator. Number of ml 'a' of 
sodium thiosulphate solution used was noted, for blank, the 
same operation was carried out but without oil- The number of 
ml 'b' of 0.1 N sodium thiosulphate required for the blank 
was also noted. Iodine value was calculated by the following 
formula. 
^ ,. ,„^ (b-a) X 0.01269 x 100 
Iodine value ^ -^  
W 
Here, W = weight of oil in g 
3.14.4 Determination of Saponification Value 
The saponification value is the number of mg of 
potassium hydroxide (KOH) required to neutralise the fatty 
acids resulting from complete hydrolysis of 1 g of oil 
(Anonymous, 1970). 
2 g of oil was weighed accurately in a 250 ml conical 
flask. To this, 25 ml of 0.5 N potassium hydroxide solution 
tAppendix) was added. The flask was attached to a reflux 
condenser and boiled on a water bath for about 1 h with 
frequent rotation of the contents of the flaks. After 
cooling, 1 ml phenolphthalein solution was added. The excess 
of alkali was titrated with 0.5 N hydrochloride solution 
(Appendix). The number of ml of 'X' was noted. For blank, the 
operation was repeated in the same manner omitting the oil 
and the number of ml 'Y' required was noted. Saponification 
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va lue was c a l c u l a t e d by t h e fol lowing formula: 
Sapon i f i c a t i on va lue = (Y-X) x 0.02805 x 1000 
W 
Here, 'X' and 'Y' are the number of ml of 0.5 N HCl used in 
sample and blank titration respectively where as 'VI' is the 
weight of oil tg). 
3.14.5 Determination of Fatty Acid Composition 
It was determined by the following method: 
3.14.5.1 Preparation of Methyl Esters 
A 8.0 ml mixture of methanol, benzene and sulphuric 
acid (84:10:4 V/V/Vj was added to a screw capped corning 
glass tube of 15 x 125 mm containing 500 mg oil sample and 
refluxed at 80°C in a glycerine bath for 3 h. After 
completion of the reaction period, excess of water was added 
to each tube and methyl esters were extracted with hexane 
(3 X 5 ml). The supernatant organic layer was washed three 
times with water. The hexane was evaporated under a stream of 
nitrogen in a glycerine bath at 40°C. The methyl ester 
samples were again dried in a similar manner by adding 3 ml 
azerotropic mixture (chloroform, benzene and methanol, 1:1:1 
V/V/V) in order to remove moisture. After completion of the 
drying process, 0.2 ml hexane was added again to each tube 
and flushed with nitrogen, immediately capped and kept at lev.' 
temperature for chromatographic analysis (Chalvardjician, 
1964) . 
3.14.5.2 Gas Liquid Chromatography 
The qualitative and quantitative analyses of fatty 
acids in total lipids were carried out by using Nucon-5700 
gas chromatography equipped with flame ionisation detector. 
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using 10 per cent silar (5 c.p., 80/100 gas chrom. Q ; glass 
colmtin of 6 ft X 2 mm. The qualitative examination was 
accomplished by spiking the retention times with authentic 
reference standards (pure methyl esters of fatty acids and 
the methyl ester of total seed lipids of ground nut). The 
peak area were calculated by triangulation method. 
3.15 Statistical Analysis 
All the experimental data were subjected to 
statistical analysis by adopting analysis of variance 
technique according to the design of experiment (Gomez ana 
Gomez, 1984 J and the significance of the results were 
determined at 5% levels of probability. If the data were 
found significant, critical difference (CD) were calculated. 
Correlation of various characteristics with seed yield and 
quality characteristics were also worked out. 
Table 7: Models of analysis of variance (ANOVA) of Experiments 
1-5. 
Source of variation D.F. S.S. M.S.S. F 
Experiment 1 (Factorial randomised block design) 
Replication 2 
PhytohormoneCH) 2 
Concentration(C) 3 
H X C 6 
Error 22 
Total 3 5 
Experiment 2 (Factorial randomised block design) 
Replication 2 
Sp-ay treatment(T) 1 
Spray stageCS) 2 
T X S 2 
Error 10 
Total 17 
Experiment 3/4, & 5 (Factorial randcanised block design) 
Replication 2 
Spray treatment(T) 1 
Fertilizer(F) 3 
T X F 3 
Error 14 
Total 23 
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CHAPTER - 4 
EXPERIMENTAL RESULTS 
4.1 Experiment 1 
This experiment was conducted to select the best 
phytohormone out of lAA, GA^ and Kinetin (KN) studied, and 
also to find out the best concentration for spraying. All the 
three phytohorrnones were sprayed at 40 DAS at the 
-6 -5 -4 
concentrations of 10 M, 10 M and 10 M keeping water spray 
as control. Growth characteristics namely shoot length/plant, 
total dry weight/plant, leaf area/plant, leaf area index 
(LAI), crop growth rate (CGR), relative growth rate (RGR) 
and net assimilation rate (NAR); biochemical parameters like 
N, P and K concentrations in plant and their uptake were 
recorded at 4 0, 60, 80, 10 0 and 12 0 DAS. Yield 
characteristics (pod number/plant, seed number/pod, 1000 
seed weight), seed yield, biological yield, harvest index 
and oil yield and quality characteristics like oil content 
acid value, iodine value and saponification value were 
studied at harvest. The details of the results are given 
below (Tables 8-23). 
4.1.1 Growth Characteristics 
4.1.1.1 Shoot Length/Plant 
The results on shoot length for effect of differait 
concentration of phytohomones were found significant only 
from 80 DAS onwards (Table 8) . 
At all the three sampling stages (80, 10 0 and 12 0 
DAS) phytohorrnones GA_ was significantly superior to the 
other two hormones which were statistically equal in their 
effect. During these stages concentration 10~ M and 10~^M 
were equally effective in producing longest plants but were 
significantly superior to control. The interaction 
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(phytohormone X concentration) effect was a lso s ignif icant 
and i t was found that a t a l l s tages the treatment 
GAo X 10 M was a t par with GA X 10 M but s ignif icant ly 
superior to a l l other t reatments. Moreover, there was no 
s igni f icant difference between control and different 
concentration of lAA and KN. 
4.1.1.2 Total Dry Weight/Plant 
The effect of phytohormones on biomass production 
was significantly different only at 80 and 100 DAS. However, 
the effect of different concentrations was significant at 
all stages except at 40 DAS. The interaction effect was 
found non significant at every sampling stages (Table 9). 
At 80 and 100 DAS, GA^ produced maximum total dry 
weight and the effect was at par with lAA. Significantly 
lowest value was found with KN at 80 DAS. At 100 DAS, KN 
produced equal values with lAA but the value was 
significantly lower than that for GA-. The effect of 
-5 ^ 
spraying of 10 M of phy tohormone produced maximum effect at 
60, 80, 100 and 120 DAS. However, the values were 
-4 -6 
statxsticaly equal with 10 M and 10 M COD cent rations. 
The values obtained in water spray (control) were lowest at 
all sampling stages. 
4.1.1.3 Leaf Area/Plant 
The effect of different phytohormones on leaf area 
was not significant at initial stages (4 0 and 60 DAS), and 
their concentration produced significant effect at all 
stages except at 40 DAS. The interaction effect 
(Phytohormone X concentration) was significant only at 12 0 
DAS (Table 10). 
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lAA gave maxixnum value at 80 DAS but at par with GA , 
while at 10 0 and 120 DAS GA- produced significantly maximum 
leaf area. At 60 and 80 DAS, the three concentrations 
produced statistically equal values and control gave 
significantly lowest value but at 100 and 12 0 DAS 
-5 -4 
concentrations 10 M and 10 M respectively gave significantly 
higher values than other concentrations. The interaction of 
GA^ X 10~ 
leaf area. 
va  
 M was at par with lAA X lo" M and produced maximum 
4.1.1.4 Leaf Area Index (lAI) 
The effect of different phytohormones, their 
concentration and the interaction effect on leaf area index 
showed a similar pattern to that of leaf area at various 
stages of sampling (Table 11). 
4.1.1.5 Crop Grcwfth Rate (CGR) 
There was significant difference in CGR due to 
phytohormones only at the final stage of the crop growth 
(100-120 DAS). However/ different concentrations of the 
phytohormones were significant at all the sampling stages. 
The interaction effect was non significant (Table 12) . 
During the final growth period (100-120 DAS), 
phytohormones lAA and GA^ were equal in their effect and 
produced significantly lower growth rate in comparison to 
that of KN. At 40-60 and 80-100 growth periods 10"^M, 10~^M 
-4 
and 10 M were equal in their effect. All these three 
concentrations were significantly superior to control. At 
60-80 growth period 10~ M produced highest value and was at 
-4 -6 par with that for 10 M and 10 M. Control produced lowest 
value but equal to that for 10~ M. At the final growth period 
(100-120 days interval), control produced significantly 
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highest value and all the other three concentrations were at 
par in their effect. 
4.1.1.6 Relative Growth Rate (RGR) 
The differences in RGR due to application of 
different phytohormones and different concentrations were 
significant only at 100-120 days growth period. The 
interaction effect was non significant (Table 13). At 
100-120 days KN produced maximum RGR and was significantly 
superior to the other two hormones which were at par. 
Considering effect of different concentrations, control 
produced significantly highest value than the other three 
concentrations. 
4.1.1.7 Net Assimilation Rate (NAR) 
The effect of phytohormones and their concentrations 
were significant only at 100-120 days interval (Table 14). 
Kinetin was significantly superior to the other two which 
were equally effective. Spraying with de-ionised water 
(control) produced significantly higher values compared to 
the other three concentrations which were at par. The 
interaction effect was non significant. 
4.1.2 Biochemical Parameters 
4.1.2.1 N, P and K Concentrations 
The effect of different phytohormones, their 
concentration and interaction were at par with that of 
control (water spray) at all the sampling stages 
(Tables 15-17) . 
4.1.2.2 N Uptake 
The effect of phytohormones was found significant 
only at 80 DAS and the effect of different concentrations 
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was significant at 80 and 100 DAS. The interaction effect was 
non significant at every sampling stages (Table 18). 
At 80 DAS, GA„ and lAA produced equal values and 
higher than that obtained with KN. All the three 
-6 -5 -4 
concentration (10 , 1 0 and 10 M) were at par in effect 
and significanntly superior to control at 80 and 100 DAS. 
4.1.2.3 P Uptake 
There was no significant difference between the 
effect of phytohormones on P uptake but their concentrations 
produced significant effect at 80 and 10 0 DAS. The 
interaction effect was also found to be non significant 
(Table 19). At both 80 and 100 DAS the three concentrations 
being at par in their effect gave statistically higher value 
than control. 
4.1.2.4 K Uptake 
The results on K uptake was significant only for the 
effect of different concentrations of the phytohormones that 
too only at 80 and 100 DAS (Table 20). At 80 DAS, the 
-5 
concentration 10 M produced maximum value whichwas at. par vvith 
-6 -4 that for 10 M and 10 M concentrations. The value obtained 
in control was lowest. At 10 0 DAS, concentrations 10~ M and 
10 M were at par and were significantly superior to control 
-4 
on one side but significantly inferior to 10 M on the other 
side. 
4.1.3 Yield Parameters 
4.1.3.1 Pods/plant 
There was significant difference between 
phytohormones effect in producing pods (Table 21). Plant 
receiving GA^ spray produced significantly more pods than lAA 
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and KN which were at par in their effect. The best 
concentration in producing maximum pod was 10 M which was 
-4 
at par with that for 10 M. The plants treated as control 
gave significantly lowest value. The interaction effect was 
non significant. 
4.1.3.2 Seeds/Pod 
The spray of different concentrations of various 
phytohormones did not significantly improve the number of 
seeds/pod. The interaction effect was also found to be non 
significant (Table 21). 
4.1.3.3 1000 Seed Weight 
Ther' was no s ign i f i can t difference on 10 00 seed 
weight for the effect of d i f fe ren t phytohormones, t he i r 
concentrat ions and the i r i n t e r ac t ion (Table 21). 
4.1.3.4 Seed Yield 
The effect of different phytohormones on seed yield 
of mustard plant is given in (Table 22), only the 
interaction effect was found non significant. It was found 
that GA- produced maximum seed yield and it was 
significantly superior to the other two phytohormones {lAh 
and KN). Control plants produced significantly lowest yield. 
-5 -4 Concentration 10 M and 10 M were at par in their maximum 
effect but significantly superior to 10~ M and control. 
4.1.3.5 Biological Yield 
Phytohormones GA^ produced significantly more 
biological yield than lAA and KN, which were equally 
effective (Table 22). Concentrations 10~ M gave maximum 
-4 
value being at par with 10 M. The value obtained in control 
was lowest. The interaction effect was non significant. 
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4 .1 .3 .6 Oil Yield 
There was a s ign i f i can t difference in o i l yield with the 
app l i ca t ion of phytohormones and the i r concentrat ions (Table 22). 
Phytohormone GA^  which was a t par with lAA in effect produced 
maximum o i l y ie ld . KN gave minimum value which was at par with 
t h a t of lAA but s ign i f i can t ly in fe r io r to GA^  in o i l production. 
-5 Oil y ie ld obtained in concentrat ion 10 M was at par with tha t 
-4 for 10 M. Control produced s ign i f i can t ly lowest o i l y ie ld . The 
i n t e r a c t i o n effect was non s i gn i f i c an t . 
4.1.3.7 Harvest Index (HI) 
The percentage of biological yield converted to 
economical yield was significantly affected by different 
phytohormones and their concentrations (Table 22) . Phytohormone 
GA^ gave maximum value but was at par with that for lAA.Kinetin 
gave lowest value but it was statistically equal to lAA. 
-6 -5 -4 Concentrations 10 , 10 and 10 M were at par in their effect 
and gave maximum value. However, concentrations 10~ and control 
were statistically equal and gave lowest values. 
4.1.4 Quality Characteristics 
4.1.4.1 Oil Content 
The effect of different phytohormones, their 
concentrations and their interaction was found to be non 
significant (Table 23). 
4.1.4.2 Acid Value 
None of the phytohormones with any of the concentrations 
could significantly affect this parameter (Table 23). 
4.1.4.3 Iodine Value 
There was no significant difference among the treatments 
and concentrations on this parameter (Table 23). 
4.1.4.4 Saponification Value 
This parameter was also not affected significantly by use 
of phytohormones and their different concentrations (Table 23). 
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4.2 Experiment 2 
This factorial randomised field experiment was 
conducted to find out the suitable growth stge of mustard 
for spraying of 10~ M of GA- (selected from Experiment 1). 
-5 Spray of GA-. at 10 M concentration at 4 0, 60 and 80 days 
after sowing was done keeping water spray at these stages as 
control. The parameters studied at 40, 60, 80, 10 0 and 12 0 
DAS were seone as in Experiment 1. The results are siammarised 
in Tables 24-29. The details of the results are given below: 
4.2.1 Growth Characteristics 
4.2.1.1 Shoot Length/Plant 
The effect of phytohormone, spraying time and their 
interaction were significant at 80 DAS sampling. The 
spraying time and interaction effect was, however, non 
significant at later stages (100 and 120 DAS), whereas the 
effect of phytohormones was found significant (Table 2 4). 
It was found that GA_ significantly increased the 
shoot length in comparison to control (water spray). At 80 
DAS, the GA- spray at 40 d was at par with that for 60d 
treatment but significantly superior to spray at 80d. At the 
same stage there was no significant difference between 
different water spray treatment. 
4.2.1.2 Total Dry Weight/Plant 
The effect of phytohormone (GA,) spray on dry weight 
was significant from 80 DAS onwards. Spraying at various 
stages was found significant at all stages except 4 0 DAS and 
the interaction effect was also significant from 80 DAS 
onwards (Table 25). 
GA^ at every sampling stage produced higher dry 
weight compared to water spray. Spray at 40d gave higher 
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values at 60, 80, 100 and 120 DAS samplings which was at 
par with that for spray at 60d at 80, 100 and 120 DAS. 
However, at 60 DAS, spray at 40d proved to be significantly 
superior than other stages of spray. At all samplings, 
minimum value was recorded with that for 80d spray. At all 
the stages where the interaction was significant, it was 
found that there was no significant difference between 
spraying water at different days. At 80 DAS, 40d stage of 
spray gave significantly highest value, but at 100 and 120 
DAS samplings spray of GA^ at 40d and 60d produced 
statistically equal values. 
4.2.1.3 Leaf Area/Plant 
The effect of GA spray on leaf area was significant 
only after 80 DAS. The spraying time and the interaction 
effect was significant only at 120 DAS (Table 26). 
Spray of phytohormone recorded significantly higher 
values at 80, 100 and 120 DAS samplings. Regarding effect of 
stage of spray, plants which received spraying treatment at 
80d maintained more leaf area than that for at 60 and 4 0d 
spraying stages. Considering interaction it was found that 
there was no significant difference between different time 
of spraying treatment if water was sprayed but there was 
significant difference when GA was sprayed. GA- when 
sprayed at 80d recorded maximum value followed by 60 and 40, 
each value differing significantly. 
4.2.1.4 Leaf Area Index (lAI) 
The effect of GA^, stage of spray and their 
interaction on leaf area index showed a similar pattern to 
that of leaf area at various growth stages of sampling 
(Table 27). 
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4.2.1.5 Crop Growth Rate (CGR) 
The CGR was significantly affected with the spray of 
GA at all stages. The spraying time was effective only at 
40-60 and 60-80 days interval and the interaction effect was 
significant at all stages except at 100-120 days (Table 28). 
Spray of GA^ recorded significantly higher values as 
compared to water spray at all stages of sampling. 
Considering spraying time 40d proved significantly superior 
to 60 and 80d spray at 40-60 days but at 60-80 DAS, 60d 
treatment was superior but was at par with 4 0d spray. In 
interaction effect it was found that there was no 
significant difference between different time of spraying 
when water was used but when GA_ was sprayed the maximum 
value was found with 40d at 40-60 and 60d at 80-100 days 
interval, but at 60-80 days spray of GA_ at 40 and 60d 
proved equally effective. 
4.2.1.6 Relative Growth Rate (RGR) 
The relative growth rate was significantly affected 
by spray treatment at all stages except 40-60 days interval. 
The effect of spraying time treatment was significant at all 
sampling stages and the effect of interaction was 
significant from 60-80 days onwards (Table 29). 
The RGR values obtained with GA- spray was 
significantly higher at every sampling stages. Regarding 
stage of spray, spray at 40d gave significantly higher value 
at 4 0-60 days interval. At 60-80 days interval both spray 
stages (4 0d and 60d) were at par and were significantly 
superior to BOd spray. At 80-100 days interval spray at 80d 
recorded maximum value which was statistically equal with 
that for spray at 80d and spray at 4 0d recorded significantly 
lowest value. Spray at 40 and 80d were equally effective 
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between 100-120 days and were superior to spray at 60d. In 
interaction effect it was found that there was no 
significant difference in RGR by spraying water at different 
time at any of the sampling stages. 
4.2.1.7 Net Assimilation Rate (NAR) 
The effect of phytohormone on the net assimilation 
rate was significant only at 60-80 days interval and 
spraying of GA^ improved the NAR compared to water spray. 
The time of spraying and interaction effect v^ ere not 
significant (Table 30). 
4.2.2 Biochemical Parcuneters 
4.2.2.1 N, P and K Concentrations 
The N/ P and K concentrations of the plants 
decreased as there was increase in growth but the effect of 
GA_ spray, stage of spray and their interaction was found 
non significant (Tables 31-33). 
4.2.2.2 N Uptake 
There was s ignif icant effect due to spray of 
phytohormone, s tage of spray and t h e i r i n t e r ac t ion from 80 
DAS onwards (Table 34). 
Spraying of GA s igni f icant ly enhanced the uptake of 
N by plants a t 80, 10 0 and 120 DAS samplings. At these 
stages the values in spray a t 40d and 60d were a t par and 
s igni f ican t ly superior to spray a t 80d. The in terac t ion was 
s igni f icant because there was no s i g n i f i c a n t difference 
between water spray treatments. 
4.2.2.3 P Uptake 
The effect of spray treatment stage of spray and 
their interaction was significant from 80 DAS onwards 
(Table 35). 
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GA spray significantly improved the P uptake in 
comparison to water spray at 80, 100 and 120 DAS sanvlings. 
Comparing the effect of time of spray, the values recorded 
in 4 0 and 60 d spray stages treatments were at par and were 
significantly superior to 80 d treatment. The best 
interaction at 80 DAS sampling was found to be GA. spray at 
40 d but the value obtained in this treatment was at par 
with that for GA_ spray at 60, 100 and 120 DAS samplings. 
There was no significant difference between water spray 
treatments. 
4.2.2.4 K Uptake 
The effect of phytohormones, time of spraying and 
their interactions on K uptake was significant from 80 DAS 
onwards (Table 36). 
GAo spray significantly improved the K uptake in 
comparison to that of water spray at every sampling. The 
significantly highest value for K uptake was found in 40 d 
spray stage at 80 DAS sampling, but at 10 0 and 120 DAS 
samplings the value was at par with that for obtained in 
60 d spray stage. As for interaction effect, it was found 
that water spray did not affect the K uptake, whatever be 
the stage of spraying and application of GA^ at 40 d gave 
highest values at all samplings. 
4.2.3 Yield Parameters 
4.2.3.1 Pods/Plant 
The number of pods produced by plants receiving GA-, 
spray was significantly higher than that of the plants 
sprayed with water. There was no significant difference 
between 4 0 d and 60 d spray stage but 80 d spray stage was 
significantly inferior to these two stages of spray. 
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Regarding interaction it was found that whatever be the time of 
spraying there was no significant difference if water was 
sprayed and GA^ at 40 and 60d spray stage produced statistically 
equal number of pods (Table 37). 
4.2.3.2 Seeds/Pod 
The seeds/pod was not affected significantly by any of 
the treatments (Table 37). 
4.2.3.3 1000 Seed Weight 
Whatever be the stage of spray there was no 
significant difference between water and GA^ treatments on 1000 
seed weight of mustard (Table 37). 
4.2.3.4 Seed Yield 
It was found that there was significant increase in 
seed yield due to the application of GA_ in comparison to that 
of water spray (Table 38). The 40d spray stage being at par in 
its effect with 60d spray stage produced maximum yield. 
Considering interaction effect, it was found that the difference 
in different spray stage was significant only for GA^ spray but 
not for water spray. GA^ spray at 40 and 60d produced 
equal values for seed yield. 
4.2.3.5 Biological Yield 
Spray of GA significantly improved the biological 
yield in comparison to that of water spray (Table 38). The 
values obtained with 40 and 60d spray stage were statistically 
equal and spray at 80d gave lowest value. There was no 
significant difference among water spray treatment comparing 
stages of spray. 
4.2.3.6 Oil Yield 
The production of oil/ha was iJicreased significantly 
by GA^ spray. The spray at 40 and 60d stage gave statistically 
equal values and superior to that for obtained in 80d spray 
stage. There was no significant difference among water spray 
H 
H 
1 
c to 
a 
to 
• P 4 I 
C 
0 
10 
G 
u to 
> 
• 
u to 
> 
•0 
h 
10 
•P 
n fl 
g 
*» 
0 
n 
(U 
en 
m 
Si 
0 
u 
0> 
+J 
c 
<0 
u 9) ^ 
«M 0) 
tw *-' 
•H 
•0 4J 
x: +J 01 (0 -H 
0) 
- » > 
£ 
-0 
ID 0) 
1 U 
o m H 
»-* O 
o 
>1 O (0 H 
u a t j (0 C (0 
m 
<< H 
O 1 
tw "0 
0 0 
a +j 
u n fl) 73 
«H a; 
<w (1) 
u « 
•• 
r* CO 
to 
f t 
to 
EH 
c 
a 
a 
> 
o | 
w 
o o 
o 
r H 
1 
Q o 
OK 
W 
Q 
M 
M 
W 
^^  
^ 
Q 
*-^  
10 
< 
EH (0 
g 
1 
H 
1 
H 
5 
2 b 
Q 
O 
& 
H 
Z 
« H 
04 « 
( n H 
C 
10 
V 
X. 
o 
o 
o 
«• 
c 
01 
s 
c 
en 
o 
VO 
o 
'a-
c 
TI 
01 
s 
o 
C30 
O 
v£ 
O 
•a-
X> 
SO 
• 
<r 
I N 
3 0 
S\ 
<Tl 
* 
V 
OO 
* 
o i n 
ao 
o 
o 
• 
<n 
^ 
o 
<T> 
o 
VO 
• 
en 
^ 
L O 
V£> 
r H 
o 
CN 
r~ 
t H 
^ 
vo 
.-H 
M 
0) 
4J 
« 
s 
GO 
OO 
• 
««• 
\o 
i n 
0 0 
• 
V 
rn 
OO 
• 
o 
vo 
o 
IX) ( 
r^  
i H 
o 
o 
0 0 
rH 
o 
r-^ 
• 
r-
r H 
VO 
O 
CN 
•"J-
CO 
. H 
ro 
i H 
CN 
O 
CM 
( N 
r o 
< 
O 
a» 
30 
>-M 
o\ 
* 
"U" 
30 
V 
O 
n 
OO 
rH 
O 
o 
CO 
O 
Oi 
I ^ 
>H 
<N 
t ^ 
n 
<yi 
rH 
CM 
ffl 
rH 
c 
0) 
E 
•8 
(U 
n 4J 
O . H 
O 0) 
f - t > 
1/1 i H 
t T3 
0) O 
CO a 
r H 
1 
CO C 
•% 2^ 
CL< a 
tfp 
i n 
•P 
° U 1 
z 
z 
z 
CO 
z 
z 
to 
z 
CN 
•p 
c 
cu 
n (0 
cu 
^ 
B 
>^ 
10 
Wl 
a to 
w 
^^ 
CO 
0) 
cr> 
CO 
+J 
to 
> i 
CO 
U 
Q. 
to 
10 
X 
71 
treatments and GA^ sprayed at 40 and 60d gave maximum and 
statistically equal values (Table 38). 
4.2.3.7 Harvest Index (HI) 
GAo spray significantly improved the harvest index of 
mustard crop when compared with that of water spray contol 
(Table 38). There was no significant difference between 
stages of spray and phytohormone and stage of spray 
interaction. 
4.2.4 Quality Characteristics 
4.2.4.1 Oil Content 
The effect of GA3 at different spray stages and their 
interaction was found to be non significant (Table 39). 
4.2.4.2 Acid Value 
There was no significant difference in acid value 
between water and phytohormone spray at any of the growth 
stage of the plant (Table 39). 
4.2.4.3 Iodine Value 
This parameter was found to be not affected by any of 
the treatment (Table 39). 
4.2.4.4 Saponification Value 
The saponification value of the oil was also 
unaltered by the treatments (Table 39) . 
4.3 Experiment 3 
A factorial randomised field trial was conducted to 
study the effect of foliar spray of 10~ M GA (Selected in 
Experiment 1) at 4 0 days after sowing (Selected in Experiment 
2) on growth, biochemical/ yield and quality characteristics 
'of mustard grown with 0,40,80 and 120 kg N/ha. The details of 
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the results are described below and are summarised in Tables 
40-56. 
^•3.1 Growth Characteristics 
4.3.1.1 Shoot Length/Plant 
The effect of phytohormone and phytohormone-nitrogen 
interaction were found significant from 80 DAS onwards, 
whereas the effect of nitrogen application was significant 
at all stages of sampling (Table 4 0). 
Spray of GAo proved superior to that of control. 
Application of NQQ and N^-Q (being at par) were proved 
superior to N _ and NQ which gave lowest value at 4 0 DAS. At 
60, 80, 100 and 120 DAS, NgQ and N,2o were equally effective 
in producing tallest plants. Smallest plants were produced 
in N_ at all stages. However, the value for N^ was at par 
vith that for N.^ at 60 and 100 DAS. Interaction GA- X N^. 
40 3 80 
was at par in effect with that for GA X N,2Q at 80, 10 0 and 
12 0 DAS in giving maximum values. 
4.3.1.2 Total Dry Weight/Plant 
The effect of phytohormone, basal nitrogen and the 
phytohormone-nitrogen interaction on total dry matter 
production was significant at all stages, except at 4 0 DAS 
where effect of phytohormone and interaction was found non 
significant (Table 41). 
Spray of GA^ enhanced dry matter in comparison to 
control at all samplings. Maximum dry weight of plants was 
recorded with 12 0 kg N/ha at all stages. However, the 
eftfect of 12 0 kg N/ha was at par with 80 kg N/ha at 60, 80 
100 and 120 DAS. Regarding interaction effect maximum value 
was obtained with GA_ spray and basal nitrogen 80 or 
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10 0 kg N/ha (both interactions being at par) at 60 DAS and 
onwards samplings. 
4.3-1.3 Leaf Area/Plant 
Leaf area was significantLyaffected by phytohormone 
from 60 DAS onwards, nitrogen treatment at all samplings and 
their interaction from 60 DAS and thereafter (Table 42). 
At all stages, maximum leaf area was recorded with 
GA- application. The treatments 80 and 120 kg N/ha producing 
maximum leaf area were equally effective upto 100 DAS but 
the values were significantly higher that for 4 0 kg N/ha. At 
12 0 DAS signifticantly higher leaf area was obtained with 
120 kg N/ha. At all stages N-. produced significantly lowest 
value. Regading interaction effect maximum leaf area was 
obtained with GA^ spray at basal nitrogen level of 80 or 12 0 
kg/ha both at par upto 100 DAS. At 120 DAS significantly 
highest value was recorded with GA-, X 120 kg N/ha. 
4.3.1.4 Leaf Area Index (LAI) 
The effect of phytohormone, nitrogen nutrition and 
their interaction showed a similar pattern to that of leaf 
area at different growth stages (Table 43). 
4.3.1.5 Crop Growth Rate (CGR) 
The effect of phytohormone and phytohormone and 
nitrogen interaction on CGR was significant at all stages, 
whereas the CGR was significantly affected by applied 
nitrogen only at 4 0-60 and 60-80 days interval (Table 4 4). 
Spraying of GA^ increased the CGR significantly upto 
80-10 0 days but at 100-12 0 days, significantly maximum value 
obtained with water spray treatment. At 40-60 days 
interval, Ng^ and N2.2O ^®^® '^'^  P^^ ^^ values for CGR and 
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were s i g n i f i c a n t l y s u p e r i o r to N.Q which i n t a r n was 
s i g n i f i c a n t l y s u p e r i o r t o N-. However, a t 60-80 days, 
n i t r o g e n a t 40, 80 and 120 kg/ha proved e q u a l l y e f f e c t i v e 
but were s i g n i f i c a n t l y super io r t o N^. Regarding 
i n t e r a c t i o n s , maximum CGR was noted wi th GA^ X NQQ and 
GAo X N^  Q (va lues a t par ) a t 40-60, 60-80 and 80-100 days, 
but a t 100-120 days maximum va lue was r eco rded wi th GA- X N^ , 
which was s t a t i s t i c a l l y equal t o GA^  X N . Q , WS X N„ and 
WS X N, „- There was no s i g n i f i c a n t d i f f e r e n c e between GA^  
40 3 
and WS a t NQ and N-Q l e v e l s a t a l l s t a g e s . 
4 . 3 . 1 . 6 Relat ive Growth Rate (RGR) 
The r e l a t i v e growth r a t e was s i g n i f i c a n t l y a f f ec t ed 
by phytohormone a t 4 0-60 and 100-12 0 days only by N 
a p p l i c a t i o n a t a l l s t a g e s and by i n t e r a c t i o n e f f e c t a t 
100-120 days (Table 45) GA, t r ea tmen t was s i g n i f i c a n t l y 
s u p e r i o r over water spray a t 4 0-60 days, but the e f f e c t was 
reversed a t 10 0-120 DAS . Nitrogen a t 80 kg/ha gave maximum 
va lue which was a t pa r wi th t h a t for 120 kg/ha a t 40-60 
days, however, a t 60-80 days i n t e r v a l t h e t h r e e n i t rogen 
l e v e l s were equa l l y e f f e c t i v e and s i g n i f i c a n t l y super io r to 
NQ. At 80-10 0 and 10 0-12 0 days i n t e r v a l NQ gave 
s i g n i f i c a n t l y maximum v a l u e . The i n t e r a c t i o n showed t h a t 
GA-, spraying a t N„ l e v e l recorded s i g n i f i c a n t l y h ighes t 
va lue for RGR a t 100-120 days i n t e r v a l . 
4 . 3 . 1 . 7 Net A s s i m i l a t i o n Rate jNAR; 
NAR was s i g n i f i c a n t l y a f f ec ted by phytohormone 
a p p l i c a t i o n a t 40-60 and 10 0-120 days i n t e r v a l and n i t rogen 
a p p l i c a t i o n a t a l l s ampl ings . The i n t e r a c t i o n e f f e c t was 
found t o be non s i g n i f i c a n t (Table 4 6 ) . 
At i n i t i a l s t a g e v40-60 d a y s ) , GA^ spray 
s i g n i f i c a n t l y i n c r e a s e d t h e NAR value but a t f i n a l s t age . 
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i.e., 100-120 days interval there was significant decrease 
in NAR due to GA-, spay in comparison to that of water spray 
control. Among N levels it was found that Ng„ and N^_Q were 
at par and gave maximum value at 40-60 days but at later 
stage (60-80 days), N.Q, N-Q and N^ . were equal in their 
effect producing significantly highest value than N-,. At the 
last two growth stages 80-100 and 100-120 days N-. proved 
significantly superior than any other nitrogen dose. 
4.3-2 Biochemical Parameters 
4.3.2.1 N» P and K Concentrations 
The effect of phytohormone, nitrogen levels and 
their interactions on N, P and K content is given in Tables 
47-4 9. It was found that there was no significant difference 
among any of the treatment in P and K content at all stages, 
but N content was significantly more due to GA^ spray at 60 
DAS sampling. Moreover, application of N induced significant 
changes in N content of the plant throughout the growth 
period. N,^ )^ registered highest value but was statistically 
equal to NQ„ at all samplings. N^ , treatment recorded 
significantly lowest N content in plant at all stages. The 
interaction effect was non significant. 
4.3.2.2 M Dptake 
The amount of nitrogen absorbed by the plants were 
significantly higher due to GA spray as compared to control 
from 60 DAS onwards. Application of N induced difference in 
N uptake throughout the growth period and the interaction 
effect was significant from 60 DAS onwards (Table 50). 
^12 0 treatment which gave significantly highest 
value at 40 DAS was at par with NQ^ at all the other 
samt^lings. NQ recorded significantly lowest value at all 
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samplings. Considering i n t e r a c t i o n ef fec t , spray of GA^  a t 80 
and 12 0 kg N/ha proved equally effective and gave maximum 
values a t a l l s tages . 
4.3.2.3 P Uptake 
There was significant difference in P uptcike from 60 
DAS onwards due to phytohormone application. N application 
significantly affected P uptake at all stages the 
interaction effect was significant from 60 DAS (Table 51). 
Application of GA^ significantly increased P uptake 
in comparison to water spray at 60, 80, 10 0 and 12 0 DAS 
sampling. Throughout the growth period the Ng^ and N,2o 
treatments were at par and gave maximum values which were 
significantly superior to N.Q which inturn was superior to 
N- treatment. At all samplings done, water spray and GA 
were equally effective when the amount of applied N was 0 or 
4 0 kg/ha, but were significantly different (the values in 
GA^ spray being higher) when the amount of N was 80 or 12 0 
kg/ha. 
4.3.2.4 K Dptake 
Phytohormones and phytohormone nitrogen interaction 
affected K uptake significantly frcxn 80 DAS onwards. 
Application of N affected K uptake from 4 0 DAS onwards 
(Table 52). 
Spraying of GA_ increased the K uptake significantly. 
Except at 40 DAS where N gave significantly maximum value, 
the N, „„ and N^ treatments were statistically equal in 
their effect and were significantly superior to N. . 
treatment at rest of the growth stages. Treatment N„ 
registered significantly lowest K uptake. The difference 
between water spray and GA^ spray was significantly only 
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77 
in Nof, and N treatments at all the samplings. At 0 and 40 80 12 0 
kg N/ha there was no difference in water and GA^ spray. 
4.3.3 Yield Characteristics 
4.3.3.1 Pods/Plant 
The number of pods/plant was significantly higher 
due to GA-, spray in comparison to that of water spray 
(Table 53;. Treatment N and N^_ were equally effective 
but significantly superior to N^Q and N . Treatment N^ 
recorded significantly lowest pod number. The interaction 
effect was also significant and it was found that there was 
no significant difference between GA^ and water spray when 
nitrogen was applied either at the rate of 40 kg/ha or not 
applied. GA. spray at basal N__ gave maximum value which was 
statistically equal with GA^ X N,-^-
4.3.3.2 Seeds/Pod 
The seed number/pod did not improve significantly 
due to either of the treatments (Table 53). 
4.3.3.3 1000 Seed Weight 
There was no sigjTificant .dif-fsdE^ ence between any of 
eatm 
(Table 53) . 
the tr ent in 10 00 s^^^" weight of \ mustard seed 
4.3.3.4 Seed Yield 
The seed yield was improved significantly by the 
application of phytohormone, nitrogen and their interaction 
(Table 54). There was significant increase in seed yield due 
to GA_ spray. NgQ and N,2n produced statistically equal and 
maximum values for yield and N„ gave significantly lowest 
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value. In interaction, it was found that the increase in 
yield due to GA_ application was maximum with basal N 
which was at par with GA_ X N-^n* 
4.3.3.5 Biological Yield 
The total biomass production was significantly 
improved by the application of phytohormones, nitrogen and 
interaction of these two (Table 54). GA^ enhanced biological 
yield significantly as compared to control. Application of 
NQ^ and N,2Q were statistically equal in effect producing 
highest biomass. Significantly lowest value was obtained 
with control (Nn)• Regarding interactions, maximum value was 
obtained with GA^ X Ng which was at par with GA^ X N,2o-
4.3.3.6 Oil Yield 
The effect of phytohormone spray, nitrogen 
application and interaction of phytohormone and nitrogen was 
significant (Table 54). Spray of GA^ significantly enhanced 
oil yield in comparison to water spray. Nitrogen at 80 and 
120 kg/ha (being at par gave maximum oil yield). N. gave 
signifticantly lowest value. 
4 . 3 . 3 . 7 Harves t Index (HI) 
There was no s ignif icant dif ference between any of 
the treatments on harvest index (Table 54) . 
4.3.4 Quality Characteristics 
4 .3 .4 .1 Oil Content: 
This parameter remained unaffected by the spray of 
phytohormone or by the application of nitrogen f e r t i l i z e r 
and the i r i n t e r ac t i on (Table 5 5) . 
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4.3.4.2 Acid Value 
There was no significant effect on oil acid value 
due to phytohormone application and interaction of 
phytohormone and nitrogen, but nitrogen treatment 
significantly affected this parameter (Table 55) . Control 
plants gave maximum value for acid value which was at par 
with that for N.^. Lowest value was recorded with NIOQ ^^^^9 
at par with that for N and N._. 
4.3.4.3 Iodine Value 
Iodine value of the oil was significantly affected 
only by nitrogen treatment (Table 5 5; . Treatment N and N 
being statistically equal gave maximum value and N,„Q gave 
minimum value which was at par with that for N^ and N. 
4.3.4.4 Saponification Value 
There was no s ign i f ican t difference between any of 
the t reatments for t h i s parameter (Table 5 5) . 
4.3.4.5 Fatty Acid Composition 
The fatty acid composition of mustard oil due to 
different treatments was significant only for oleic acid and 
erucic acid, that too only for levels of nitrogen (Table 5 6). 
It was found that nitrogen treatments were at par among 
themselves but significantly superior to N^ for oleic acid 
and inferior for Erucic acid. There was no hormone nitrogen 
level interaction effect. 
4.4 Experiment 4 
This factorial randomised field experiment was 
-5 
conducted to study the effect of spray of 10 M GA which 
proved best in Experiment 1 at 4 0 DAS (selected in 
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Experiment 2) along with basally applied C, 15, 30 and 45 
kg P/ha on growth/ biochemical yield and quality 
characteristics of mustard. The parameters studied to assess 
the performance of the crop were same as in earlier 
experiments. The results are given below and are summarised 
in Tables 57-73. 
4.4.1 Growth Characteristics 
4.4.1.1 Shoot Length/Plant 
Phytohormone spray significantly increased the shoot 
length of mustard plant from 80 DAS onwards. GA_ at all 
stages gave higher values in comparison to control (water 
sprayj. There was no significant difference between 
different doses of phosphorus and the GA^ and phosphorus 
interaction (Table 57). 
4.4.1.2 Total Dry Weight/Plant 
The effect of GA^ treatment was significant from 60 
DAS onwards. The effect of P application was clesr from 4 0 
DAS onwards. The interaction effect was found to be non 
significant (Table 58) . 
It was found that application of GA-^  increased the 
biomass production at every stage. At 40 DAS, phosphorus at 
30 and 45 kg/ha were at par and and produced maximum 
biomass. The values recorded with P and P were equally 
effective and minimum at this stage. At 60, 80, 10 0 and 12 0 
DAS, PQ gave significantly lowest value for dry matter and 
treatment P^ ^ and P which were statistically equal in 
their effect, produced maximum biomass. 
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4 . 4 . 1 . 3 Leaf Area /P lan t 
The e f fec t of GA was s i g n i f i c a n t a f t e r 60 DAS. The 
e f f e c t of phosphorus was found s i g n i f i c a n t a t a l l s a n v l i n g s 
except a t 100 DAS and t h e i n t e r a c t i o n was non s i g n i f i c a n t 
(Table 59) . 
GAo spray treatment increased the leaf area of the 
plants compared to control (water spray) plants. At 40 DAS, 
P produced maximum leaf area which was at par with ^-.^^ 
However, at 60 and 80 DAS the three phosphorus doses (P-ic' 
P^ „ and P4C) were statistically equal and significantly 
superior to PQ- At final stage (120 DAS) maximum value was 
given by P,c which was statistically equal to ^AC-
4.4.1.4 Leaf Area Index (LAI) 
The effect of GA^, phosphorus and GA^ and phosphorus 
interaction showed a similar pattern to that of leaf area at 
different growth stages (Table 60). 
4 . 4 . 1 . 5 Crop Grovfth Rate (CGR) 
The results on CGR was significant at 40-60 and 
6 0-80 days interval due to GA^ and P application (Table 61) . 
The interaction effect was found to be non significant. 
At both 40-60 and 60-80 d intervals plants which 
received GA-> spray had significantly higher CGR than the 
plants which received water spray. Regarding effect of 
phosphorus, P^^ and P.^ were equally effective giving 
maximum value at 40-60 d interval but at 60-80 d interval 
P , P-_ and P.c were at par in their effect and recorded 
highest CGR. Minimum value was recorded with PQ at these 
growth periods. 
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4.4.1.6 Relative Growth Rate (RGR) 
The RGR of mustard plant was significantly affected 
by GA spray between 4 0-60 and 10 0-12 0 days interval. 
Application of phosphorus significantly affected it at 40-60 
and 80-100 d interval. The interaction effect was non 
significant (Table 62). 
Significantly higher value for RGR was noted with 
GA spray at 40-60 d interval but at 100-120 d interval 
water spray was statistically superior to GAg spray* 
Between 4 0-60 days P„ was significantly inferior to all 
other treatments which were equally effective among 
themselves. At 80-100 d interval, p^ was significantly 
superior to all other treatments. 
4.4.1.7 Net Assimilation Rate (NAR) 
GA- spray significantly increased the NAR at 4 0-60 d 
interval only. Application of P affected this parameter 
significantly at 4 0-60 and 100-120 d interval and the 
interaction effect was non significant (Table 63). 
GA^ spray gave higher values as compared to control. 
It was found that between 40-60 days all treatments where P 
was applied were equally effective but significantly 
superior to the treatment where p was not applied. At 
10 0-12 0 d interval P.- gave significantly higher value than 
other treatments, which were at par. 
4.4.2 Biochemical Parameters 
4.4.2.1 N, P and K Concentrations 
Spray of GA,, phosphorus application and their 
interacation did not affect the N, p and K content of the 
plants significantly (Tables 64-66) . 
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4.4.2.2 N Uptake 
Nitrogen uptake was significantly affected by 
phytohormone and P application at all stages except at 4 0 
DAS. The interaction effect was non significant (Table 67). 
N uptake was more in GA^ sprayed plants in 
comparison to control. Treatments P^» and P.^ were equally 
effective and at par at all stages. Moreover at 80 and 100 
DAS, these two treatments (P^Q and P^c) were statistically 
equal to P,^ also P„ recorded the minimum value but was at 
par to that of P,^ at 60, 80 and 120 DAS. 
4.4.2.3 P Uptake 
GAT application significantly affected this 
parameter from 60 DAS, but phosphorus application affected P 
uptake at all stages. The interaction effect was non 
significant (Table 68). 
GA^ enhanced P uptake at all stages in comparison to 
control. At 40, 60, 100 and 120 DAS samplings, P ^ gave 
maximum value and was at par with that for P-DQ- At 80 DAS, 
P , P and P-.^. were statistically equal in their effect. 
Treatment PQ and P 
values at all stages, 
p. ^^  were equally effective and gave minimum 
4.4.2.4 K Uptake 
Spraying of GA, significantly enhanced the K uptake 
at all samplings, collected after spraying (40 DAS). 
Phosphorus application affected the K uptaXe at all stages 
and there was no interaction effect (Table 69) . At all 
samplings treatment P__ gave maximum value but was at par 
with that for ^45- ^n gave minimum values but was 
statistically equal with that for P,^ at all stages, except 
at 100DAS where P^ was significantly inferior. 
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4.4 .3 Yield Charact-eristics 
4.4.3.1 Pods/Plant 
Mustard plants, when sprayed with GA-, at the rate of 
-5 10 M at 4 0 DAS, produced significantly more number of pods 
in comparison to that of water sprayed plants. Application 
of 45 kg P/ha significantly produced maximum number of pod/ 
plant and was at par to that for 30 kg P/ha. Significantly 
lowest number of pod was seen in plants which did not 
receive any phosphorus fertilizer. The interaction effect 
was found to be non-significant (Table 70) . 
4.4.3.2 Seeds/Pod 
This parameter was found to be non significant for 
any of the treatments (Table 7 0) . 
4.4.3.3 1000 Seed Weight 
Either spraying of GA^  or applicat ion of phosphous 
did not improve s ign i f i can t ly the 100 0 seed weight 
(Table 7 0) . 
4.4.3.4 Seed Yield; 
There was significant difference between water and 
GA_ spray treatment. Seed yield in GA- spray treatment 
being more than that in water spray (Table 71) . Treatments 
p and P were equally effective in producing maximum seed 
yield and P_ gave significantly lowest yield. The 
interaction effect was non significant. 
4.4.3.5 Biological Yield 
Spraying of GA3 s ign i f ican t ly increased the 
b io log ica l yield in comparison to tha t of water spray 
treatment . Application of 30 kg P/ha s ignif icant ly increased 
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the biomass production of plants in comparison to 15 kg P/ha 
treatment, but was at par with 45 kg P/ha treatment 
(Table 71). P„ treatment gave significantly lowest 
biological yield. Interaction effect was non significant. 
4.4.3.6 Oil Yield 
There was significant increase in oil yield due to 
GA- spray (Table 71) . Application of 30 kg P/ha which was at 
par with that for 45 kg P/ha significantly increased the oil 
yield in comparison to that of 15 kg P/ha treatment. 
Significantly lowest oil yield was found in P^  treatment. 
The interaction was found to be non significant. 
4.4.3.7 Harvest Index (HI) 
The harvest index of mustard plants remain 
unaffected by any of the treatments (Table 71) . 
4.4.4 Quality Chaacteristics 
4.4.4.1 Oil Content 
The r e s u l t revealed tha t the o i l content of mustard 
seeds reduced s ignif icant ly when P was not applied. 
Application of 15, 30 and 45 kg P/ha were s t a t i s t i c a l l y 
equally e f fec t ive (Table 72) . Spray treatment and 
in te rac t ion ef fec t were non s ign i f i can t . 
4 . 4 . 4 . 2 Acid Value 
There was no signif icant effect due to GA, spray and 
GA X phosphorus in teract ion (Table 7 2; . Treatment P^ which 
was found to be at par with t reatment P recorded 
s ign i f i can t ly more acid value in comparison to tha t for 
other t rea tments . 
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4.4 .4 .3 Iodine Value 
GA-5 spray did not s ign i f i can t ly affect this 
parameter. Application of phosphorus s i gn i f i can t ly affected 
the iodine value and i t was found t h a t treatment P„ had 
s igni f ican t ly highest value in comparison t o a l l other 
treatments, which were a t par. The i n t e r a c t i o n effect was 
found to be non s ign i f i can t (Table 72). 
4.4.4.4 Saponification Value 
Spraying of GA-. did not significantly alter this 
value. There was no significant interaction effect. 
Application of 15, 30 and 45 kg P/ha (being at par) 
increased the saponification value of the oil in comparison 
to the treatment where P was not applied (Table 72). 
4.4.4.5 Fatty Acid Compos it-ion 
The fatty acid composition of mustard oil was 
significantly affected for levels of phosphorus and it was 
non significant for spray treatment cind interaction of 
phosphorus and GA- (Table 73) . Out of twelve fatty acids 
studied, it was found that only Oleic and Erucic acid were 
significantly affected by levels of phosphorus. Treatments 
p and P (being at par) were significantly superior to 
P, and P_ (statistically equal) for Oleic acid. The Erucic 
acid concentration decreased with increasing levels of 
phosphorus. 
4«5 Experiment 5 
In factorial randomised field experiment the effect 
_5 
of GA^ spray (10 M) which proved best in Experiment 1, at 
40 DAS, the stage of spray found best in Experiment 2 was 
studied on growth, biochemical, yield and quality 
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characteristics of mustard grown with basall^ applied 0. 20, 
4 0 and 60 kg K/ha. The details of the results are described 
below and are summarised in Tables 74-90. 
4.5.1 Gronrth Characteristics 
4.5.1.1 Shoot Length/Plant 
The shoot length was significantly affected by GAj 
spray at 80, 10 0 and 12 0 DAS, However, the effect of 
potassium and interaction effect was non significant at all 
stages (Table 74) . GA spray enhanced the shoot length of 
the plants in comparison to water spray control. 
4.5.1.2 Total Dry Weight/Plant 
The dry matter production was significantly affected 
from 60 DAS onwards only by the GA-. spray. Effect of 
potassium and GA_ and potassium interaction were found to be 
non significant (Table 75) , At all stages (except 40 DAS) 
GA^ spray significantly enhanced the dry matter production 
compared to that for water spray. 
4.5.1.3 Leaf Area/Plant 
This parameter was significantly affected by GA^ 
spray at all stages except at 4 0 DAS and by potassium at 12 0 
DAS. The interaction effect was non significant at all 
stages (Table 76) . GA^ spray enhanced leaf area in 
comparison to control. Application of 20 kg K/ha gave 
maximum value which was at par with that for 60 kg K/ha. 
Lowest leaf area was recorded with control (K„), but being 
at par with K^Q at 12 0 DAS. 
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4.5.1.4 Leaf Area Index (LAI) 
Leaf area index was significantly enhanced by GA^ 
spray in comparison to control at all stages except 40 DAS, 
where the effect was non significant. Potassium application 
at 120 DAS significantly affected LAI At this stage K2Q and 
K^ p, were statistically equal in giving maximum affect and K„ 
and K _ were at par in respect of minimum LAI. The 
interaction effect was non significant (Table 7 7). 
4.5.1.5 Crop Growth Rate (CGR) 
The effect of GAo spray on CGR was significant at 
all growth intervals. The effect of potassium was 
significant at 10 0-120 days interval. The interaction effect 
was non significant at all stages (Table 78). At 40-60, 60-80 
and 80-100 days interval the CGR was significantly higher in 
GA spray treatment and between 10 0-120 days it was 
significantly less in comparison to that of water spray. At 
10 0-12 0 days, treatment K and K._ were at par recording 
maximum value and were significantly superior to K^n and K-^ 
bU z (J 
(being at par) . 
4.5.1.6 Relative Growth Rate (RGR) 
There was significant increase in RGR due to GA 
spray at all growth intervals except at final stage (10 0-120 
DAS) where it decreased in comparison to water spray 
(Table 79) . The RGR was unaffected either by K application 
or by GA^ X potassium interaction. 
4-5.1.7 Net Assimilation Rate (NAR) 
The NAR was affected significantly at all stages by 
GA^ and it was more due to GA^ spray upto 10 0 DAS, but more 
in water spray treatment between 100-120 days (Table 80). 
Applied potassium affected this parameter significantly at 
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100-120 days interval and it v.7as found that treatment K„ was 
significantly superior to K.|^  which intum was superior to 
K^- and K-_. The K,_ and K.^ , treatments were at par with bU Zu bU zU 
each other. The interaction effect was non significant. 
4.5.2 Biochemical Characteristics 
4.5.2.1 N/ P and K Concentrations 
As there was progress in plant growth the N, P and K 
contents of the mustard plant decreased (Table 81-83). There 
was no significant difference between any of the treatment at 
any of the treatment at any of the sampling stage. 
4.5.2.2 N Dptake 
Spraying of GA-, significantly increased nitrogen 
uptake incomparison to that of water spray treatment from 60 
DAS onwards. The effect of K application and interaction 
effect was non significant (Table 84). 
4.5.2.3 P Uptake 
There was s ignif icant enhancement in P uptake in GA3 
sprayed p lan t s in comparison to t h a t of water sprayed p l an t s 
from 60 DAS onwards. Potassium appl ica t ion and GA^  and 
potassium interact ion was found to be non s ign i f ican t 
(Table 85) . 
4.5.2.4 K Uptake 
Spraying of GA significantly increased the K uptake 
in comparison to control from 60 DAS onwards. Application of 
K and the interaction was found to be non significant 
(Table 86) . 
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4 .5 .3 Yield Character i s t i c s 
4.5.3.1 Pods/Plant 
There was significantly more number of pods/plant due 
to the application of GA^, but potassium application and GA^ 
and K interaction did not affect this parameter significantly 
(Table 87). 
4.5.3.2 Seeds/Pod 
The number of seeds present in a pod was not affected 
by any of the treatments (Table 87). 
4.5.3.3 1000 Seed Weight 
The results on 10 00 seed weight was found to be non 
significant (Table 87). 
4.5.3.4 Seed Yield 
GA^ spray significantly increased the yield in 
comparison to that of water spray. Application of potassium 
did not significantly alter the yield. Interaction effect was 
found to be non significant (Table 88). 
4.5.3.5 Biological Yield 
This parameter was significantly affected only by the 
GA^ spray treatment and was more in GA^ spray treatment in 
comparison to that of water spray treatment (Table 88). 
4,5.3.6. Oil Yield 
GAo spray significantly increased the oil yield/ha in 
comparison to water spray, but applied potassium, and GA and 
K interaction was found to be non significant (Table 88). 
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4.5.3.7 Harvest Index (HI) 
None of the treatment could affect significantly the 
harvest index of the crop (Table 88). 
5.5.4 Quality Characteristics 
There was no significant difference between 
treatments on this parameter (Table 89}. 
4.5.4.1 Oil Content 
There was no significant difference between 
treatments on this parameter (Table 89). 
4.5.4.2 Acid Value 
This parameter was not significantly affected by any 
of the treatments (Table 89). 
4.5.4.3 Iodine Value 
There was no significant difference between the 
treatments on the iodine value of the oil (Table 89). 
4.5.4.4 Saponification Value 
The saponification value remained unaltered by any 
of the treatments (Table 89). 
4.5.4.5 Fatty Acid Composition 
The fatty acid composition was found to be non 
significant for any of the treatments (Table 90). 
Ui 
tu 
0 
to 
H 
Q) 
> 
0) 
H 
H 
10 
IQ 
5 
M 
9 
0 
4-t 
J3 
•P 
•H 
» 
1 
5 
0 
M 
tT> 
Id 
c 
s 
»^  
i? > 
> 
M 
IQ 
> 
-a 
• 
^ • N 
dp 
S M ' 
K 
0) 
•0 
a 
•H 
•P 
to 
0) 
t 10 
£ 
•0 
c 10 
**% 
H 
10 
X! 
tr 
«w< 
•0 
H 
u 
•H 
> i 
H 
•H 
0 
H 
• • ^ 
M H 
IQ 
+> to 
0 
g 
c 0 
V) 
< 
Q 
o 
* 
+J (d 
o - ^ 
£ 
in 
I 
o 
H 
1 
10 
£ 
cr s . ^ 
t3 
H 
0} 
•H 
> i 
H 
(0 
0 
•H 
D> 
0 
H 
0 
•H 
JQ 
% 
^ 
' - ' H 
> i 
10 
M 
a 
n 
fO 
< 
o 
•M 
0 
•P 
0 
0) 
•w 
S-l 
H 
•• 
00 
00 
0) 
H 
A 
10 
^ t 
1 
£ 
cr 
^^ 
•d 
H 
V 
•H 
> i 
•g 
0) 
to 
e 0 
I 
10 
cr 
H 
Q M U 
o 
o 
o 
o 
Ui 
o 
t< 
o 
t<: 
i n 
i n 
i n 
1C 
i n 
i n 
l£> 
lO 
00 
l O 
u> 
o 
I-
tc 
i^ 
in 
in 
in 
(N 
in 
m 
O 
ID 
in 
o 
in 
in 
o 
CO 
IX) 
ID 
in 
CM 
(N 
O 
ID 
CO 
O 
(Sl 
oo 
CD 
cri 
oo 
o 
o 
00 
ID 
U 
CI 
3 < 
Jl 
in 
0) 
> 
K 
Q) 
n -o 10 
X 
r-l 
•H 
o 
M 
10 
u 
•H 
t7> 
C 
•H 
•o 
i -H 
o 
•H 
> i 
O -0 
rS 
O 
• H 
03 
.-( 0) 
• iH 
>, 
•o 
•OrM 
0) 
<u 
w 
a; 
•H 
> i 
d p 
in 
*J 
(0 
Q 
U 
z 
00 
ID 
z 
w 
z 
V) 
z 
z 
w 
z 
z 
z 
z 
4J 
C 
01 
e •0 
lO 
HI 
u H 
> i 
10 
k4 
a 
w 
-—. 
« 
e 3 
• H 
(0 
10 
10 
JJ 
0 (V, 
\di 
u^  0 
10 
H 
0) 
> 
V 
i H 
H 
10 
10 
n Si 
u 
3 
0 
«M 
£ 
4J 
• r l 
» 
§ ' 
0 
u or) 
flj 
e 
a M 
«0 
> 
t 
M 
to 
> 
-0 
M (d 
4J 
(0 
13 
g 
c 0 
w 
< 
o 
o 
^ 
•p (fl 
^ l -N 
£ 
I f ) 
1 
o 
H 
^ 
>i 
(0 
t^  
a (0 
« 0) 
s H 
> 
a 0 
• r l 
4J (t 
U 
•H 
«M 
•H G 
0 
Ck< 
rt 
n 
TJ 
c (0 
QJ 
:3 
H 
10 
> 
Q) 
C 
•H 
-d 
0 
•H 
« 
0) 
0 
H (0 
> 
•0 
•H 
u (0 
% 
^-s 
e»P 
« M ^ 
•P 
M C 
l < 
o 
IM 
0 
•p 
u 0) 
M-l 
l*A 
u 
• • 
Oi 
CC 
V 
H 
A (0 
t^ 
0) 
•p 
c 0 
0 
H 
•H 
0 
e 0 
1 
1 
o 
o 
o 
rg 
in i n 
o 
vo 
o 
u: 
in 
o^ 
in 
f-i 
• 
CO 
en 
VD 
VD 
IC 
iH 
•a" 
<N 
i n 
o 
if 
00 
o 
o 
O 
0) 
(0 
0 0 
en 
in 
rH 
CM 
00 
o 
0 0 
en 
l£> 
CM 
n 
00 
o 
in 
«r 
CO (N 
T 
i n 
l£> 
V 
«T 
i-H 
in 
n 
(N 
c 
10 (U 
s 
o 
vo 
« 
in 
in 
n 
CN 
lO 
n 
n 
in 
n 
n 
>T 
n 
n 
in 
n 
•H M 
iM ro 
•H > 
C 
O C 
a o 
W 4J 
0) 
O (0 
rt > 
c 
+J 
.H C 
•H O 
o u 
z 
z 
z 
in 
Z 
z 
z 
z 
z 
z 
z 
z 
dp 
i n 
•M 
n) 
D 
o 
4J 
c 0) 
5 
(1) 
M 
H 
>, (0 
M 
a 
w 
^ 
« 
9 
tn 
in 
(0 
+J 
0 
04 
u: 
in 
vc 
in 
n 
0 
(0 
H 
0) 
> 
0) 
(0 
to (0 
, 0 
M 
3 
0 
£ 
•H 
i 
M 
t7» 
(0 
B 
3 
M (0 
> 
M (0 
> 
M (0 
•P (0 
3 
a 
c 
0 
Q 
o 
H 
(0 0 
' ^ t« 
S 0 
in 
I 
o 
B 
0 
•H 
+1 
•H (0 
0 
O4 
n T3 
M-4 
O 
0 
•P 
•P 
Id 
M-l 
o 
01 
H 
10 
EH 
B 
0 
y ^ 
lo* 
^ 
J (0 --' 
J 
"D , 
tN ^c (N t~-
rvl fN n fM 
If) 
<Tl r - t (N 
in VD in 
o o o o 
I - I - ' I ' n-
2 
2 
vo 
0 
.H 
IX) 
0 
•H 
(N 
.H 
r^ 
U3 
-H 
^ 
w 
z 
(N 0 1 Tji 
r- in CO 
o^ en a i Z 
z 
Ol 
r-
CTl 
in 
in 
o^  
ro 
0 
•-i 
rM 
r~ 
(TV 
w 
2 
1 1 
1-i 
(N 
in 
11 
CD 
ID 
cn 
CO 
f-l 
.-H 
r^ 
^ 
0 
•—1 
2 
to 
2 
00 
en 
0 
CO 
01 
0 
t^ 
0 
H 
in 
en 
0 
W 
2 
00 
PM 
0 
<T\ 
tNl 
0 
(N 
n 
0 
r-H 
ro 
0 
w 
2 
•H •c .-I 
<N ^ O 
ro m ro ro 
W 
Z 
i n 
O CM »» 
« tii; us 
ta 
o 
o 
•H 
u 
« 
u 
V 
a 
rsi ix> U3 U3 
rM 
Ol 
2 
U) 
0 
in 
0 
in 
ir> 
0 
00 
fN 
0 
>X> 
0 
0 
00 
0 
rH 
0 
0 
ID 
ID 
0 
(N 
0 
1-1 
Ol 
ID 
d 
Ol 
0 
r-i 
0 
CM 
0 
0 
0 
2 
W 
2 
fM 
O 
VO en en 
o 
00 
o 
2 
00 
en 
en 
0 
^ 
a\ 
CO 
n 
en 
0 
r~ 
• 0 
rH 
VO 
t 
<n 
00 
r^  
en 
en 
(N 
0 
rH 
m 
vo 
CTl w 
2 
<N1 
rH Z 
VO 
f»1 «* CM 
r^  
vo 
0 
0 
M-
VO 
eo 
• 
c\ 
•V 
CTi 
. 
en 
n 
0 
• 
0 
rH 
W 
z 
CO 
eri 
en 
vo 
00 
rH 
in 
00 
en 
rH 
vo 
n 
en 
rH 
0 
rH 
00 
r-( 
0 
VO 
0 
0 
0 
(N 
in 
n 
rH 
en 
en 
rH 
01 
en 
00 
vo 
n 
rH 
eN 
vo 
en 
rH 
2 
z 
en 
en 
fNl 
en 
o 
en 
<n 
en O 
VO 
en 
w 
Z 
en 
eN 
0 
en 
fM 
0 
en 
eN 
0 
0 
0 
CM 
0 w 
2 
o 0 0 
en 
fO CM 
n 
0 
n 
eN 
n 
ro 
W 
Z 
o 
O CN 
w 
3: 
0 
X 
CO 
0 
vo 
X 
CO 
s 
0 
t< 
X 
ro 
< 0 
0 
rvj 
Ui 
X 
n 
< 0 
0 
TT 
u: 
X 
n 
< 0 
0 
vo 
»<: 
X 
ro 
< 0 
dP 
in 
•M 
Q 
u 
DISCUSSION 
CONTENTS 
DISCUSSION 
5.1 Introduction 
5 .2 Experiment 1 
5.2.1 Growth Characteristics 
5.2.2 Biochemical Characteristics (N, P and K 
Content and their accumulation) 
5.2.3 Yield Characteristics 
5.2.3 Quality Characteristics 
5.3 Experiment 2 
5.4 Experiments 3, 4 and 5 
5.4.1 Growth Characteristics 
5.4.2 Fertilizer Use Efficiency 
5.4.3 Productive Efficiency of the Fertilizers 
5.4.4 Nutrient Use Efficiency (%) 
5.4.5 Yield Increment and Yield Characteristics 
5.4.6 Quality Characteristics 
5.5 Economic Calculations 
5.6 Conclusion 
Page 
92 
94 
94 
96 
97 
99 
99 
100 
101 
102 
104 
105 
106 
108 
109 
110 
CHAPTER - 5 
DISCUSSION 
5.1 Introduction 
The rapidly depleting energy resources and world 
wide increase in environmental pollution have shaken many 
old and well established practices with agriculture being 
no exception. The energy needs of nations and communities 
are evaluated entirely on the basis of per capita 
consumption and predictions about future growth in 
population. It is established that population of India in 
2025 would be 1365 million (Walker, 1995). The government 
policy obviously is aimed at increasing agricultural 
productivity with less input of synthetic fertilizers to 
match the rate of population increase, as new arable land 
can not be allocated to the crops due to rapid 
industrialisation and urbanisation leading to a decline in 
available agricultural land. Thus, there are rigorous 
efforts to explore ways which could enhance the 
productivity with conserving energy resources. 
The biological as well as economical yield of a 
crop is a result of the interaction between its genetic 
potential and various environmental factors. The role of a 
agronomist is to manupulate the environmental factors in 
such a way so as to exploit the yield potential of the 
crop. In this regard, attention has been focussed on plant 
growth substances to bring about the desired results. The 
plant hormones are importantly concerned in the response of 
plants to the external physical environment. Phytohormones 
regulate expression of the intrinsic genetic potential of 
the plants. 
In most plants growth is proportional to the 
logarithm of the concentration of the applied hormone such 
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that there is an increasing response over three order of 
magnitude in concentration whereas observed changes in 
endogenous concentration in tissues usually is of iiiuch 
smaller magnitude (Trewavas, 1981; Trewavas and Cleland, 
1983). Response of the plants to given amount of particular 
hormone is due to the change in concentration of hormones 
receptors or change in a subsequent chain of events that 
may involve other hormones or other factors (Moore, 1989). 
Experiments conducted in controlled conditions have shown 
that phytohormones control, promote or retard flowering at 
a desired time. They also affect the uptake and 
transportation of nutrients (Mobin, 1995). Sufficient 
amount of nutrients together with phytohormone application 
at appropriate stage may increase the yield manifold. 
Keeping in mind the above mentioned facts, five 
field experiments were conducted on mustard (Brassica 
juncea L. Czern & Coss) with a view to augmenting its 
performance so as to cope with the national demand for 
additional qualities of edible oil and at the same tiitie to 
achieve fertilizer (N, P and K) economy. These field 
experiments were conducted on the following line: 
1. To establish the best phytohormone and its most 
suitable concentration for maximum response of locally 
popular mustard variety. 
2. To find out the best plant growth stage for spray of 
phytohormone on mustard performance. 
3. To test the efficiency of selected phytohormone in 
fertiliser use efficiency, productive efficiency of 
fertiliser, nutrient use efficiency and yield 
performance of mustard grown with varying levels of 
N, P and K. 
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The results obtained (Chapter 4) are discussed briefly 
below: 
5.2 Experiment 1 
The aim of this experiment was to select the best 
concentration of the suitable phytohormone sprayed at 40 
days after sowing (DAS) in improving the performance of 
mustard. The growth parameters shoot length, dry weight 
leaf area and leaf area index were recorded at 40, 60, 80, 
100 and 120 DAS, CGR, RGR and NAR were calculated for the 
periods 40-60, 60-80, 80-100 and 100-120 days inter^^al; 
biochemical parameters (N, P and K concentrations and their 
uptake) were determined from 40 to 120 DAS with a time 
interval of 20 days; yield parameters like pods/plant, 
seeds/pod, 1000 seed weight and seed yield, biological 
yield and harvest index and seed quality characteristics 
(acid, iodine and saponification value) were studied at 
harvest. The significant data obtained in the experijiient 
are discussed in the following pages: 
5.2.1 Growth Characteristics 
It was found that there was an increase in shoot 
length due to phytohormone treatment and 10 M GA, was 
found to be the best (Table 8). Growth of a plant organ 
results from orderly cell division, expansion and 
differentiation. GA^ has been reported to increase cell 
division and cell wall extension (Moore, 1989). Huttly and 
Phillips (1995) in their review suggested that wall 
extensibility is the principal factor that governs cell 
expansion. Treatment of stem tissue with GA^ causes 
microtubule reorientation favouring axial elongation 
(Giddings and Stechelin, 1991; Shibaoka, 1994). The enzyme 
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xyloglucan endotransglycosylase (XET) catalyses the 
breaking and reforming of bonds between xyloglucan 
residues, thus permitting transient increase in wall 
extensibility. Increase in XET activity is correlated with 
GA enhanced elongation in a number of plant species (Potter 
and Fry, 1994). Possibly all these factors contributed for 
the increase in the shoot length due to GA^ treatment. 
Spraying of 10 M GA-s increased the plant height by 27% in 
comparison to control (Table 8). lAA has also been reported 
to promote cell division but in the present study it was 
found to be less effective than GA3. The order of 
effectivensss of phytohormone was GA2>iAA>kinetin. 
Endogenous cytokinin is seldom limiting in crop plants 
(Moore, 1989) and this may be the reason for least effect 
of kinetin in comparison to the other phytohormones used. 
Out of the three concentrations, both 10~ M and 10~ M were 
equally effective and therefore 10~ M concentration was 
considered as best. GA^ (10"^M) was not suitable enough to 
improve the performance of the crop to the maximum extent. 
The 27% increase in shoot length due to GA-^  spray 
produced 27% more chance to bear the extra leaves. Along 
with increase in leaf number, the cell division in leaf 
cells with the application of GA3 contributed 15% more leaf 
area in 10~^M GA3 sprayed plants (Table 10). Maximum leaf 
area was found at 80 DAS after that there was a reduction 
in leaf area due to senescence. The increase in leaf area 
due to GAo application is now a established fact (Khan, 
1996; Khan et al. 1996). Further, increased leaf area index 
(Table 11) due to GAo spray had better chances to trap more 
sunlight and produce more dry matter (Table 9). It is 
reflected from NAR data (Table 14) that GA^ application 
improved the leaf area and not the efficiency of the leaf. 
At final stage of growth 100-120 days interval, decrease in 
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NAR and CGR values were noted (Tables 12,14). At this 
growth stage the tall plants (GA3 sprayed) bore more number 
of mature pods (Table 21) and could not stand erect to 
expose all its remaining leaves towards sun light. The 
contribution of the existing dry matter for the production 
of additional dry matter (RGR) was not affected up to 100 
DAS (Table 13), but between 100-120 days interval, there 
was increased RGR in kinetin and water sprayed plants which 
might be due to the increased NAR at this stage for these 
treatments. The contribution of the GA3 ^^ small instalment 
in crop growth rate (CGR) resulted in increased dry niatter 
production (Table 9). The 15% increase in leaf area 
contributed for 18.9% increase in dry matter production. 
This statement is also strengthened by the correlation 
co-efficient value worked out between maximum leaf area at 
80 DAS and dry matter at 120 DAS which was found to be 
highly significant (r = 0.857**). Improvement in growth due 
to GA-3 spray was also reported by (Alvim, 1960; Rao et al 
1960; Kaul and Kappor, 1961; De-La-Guardia and Benlloch, 
1980; Saran and Mehta, 1985; Khan, 1996; Khan et al, 1996). 
5.2.2. Biochemical Characteristics (N/ P and K content and 
their Accumulation) 
The nutrient status of the plant is one of the most 
important attributes employed to assess the uptake of 
nutrient by plants and their availability in the soil 
(Lundegarth, 1943; 1951). Moreover, fertilizer elements 
when added to the soil in accordance with the need of a 
crop improves both the quantity and quality of the produce 
and the efficiency of the fertilizers used. Therefore N, P 
and K contents in plants their accumulation was recorded at 
40, 60, 80, 100 and 120 DAS. 
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The data revealed that available nutrients in the 
soil was well utilised for the growth of the plant in both 
phytohormone sprayed and unsprayed plants which was evident 
from the non significant data on N, P and K content in the 
plant (Tables 15-17). But due to increase in the growth 
rate (sink) the plants sprayed with phytohormone showed 
more nutrients which was evident from the increased uptake 
(Tables 18-20). At 80 DAS, when uptake of nutrients were 
maximum there was 29.1%, 28.0% and 28.3% more N, P and K 
-5 
uptake respectively in the 10 M GA^ sprayed plants m 
comparison to water sprayed plants. In general 
(experimental mean), 16.8% N, 12.7% P and 27.3% K absorbed 
at 80 DAS were returned back to the soil at 120 DAS by 
leaching and senescence of leaf material. Increased 
nutrient uptake in crop plants due to GA-^  spray and other 
phytohormones has also been reported by other worker 
including Elan, 1962; Bostrack and Struckmeyer, 1964; 
Phillips, 1968; Kannan and Mathew, 1970; Mansfield and 
Jones, 1971; Mulligan and Patrick, 1979; De-La-Guardia and 
Benlloch, 1980; Simpson et a],. 1982; Dhakel and Erdei, 
1986; Stopinska, 1986c; Erdei and Dhakel, 1988; Rangacharya 
and Bawankar, 1991 Naylor and Stephan, 1993; Singh and 
Sahu, 1993. 
5.2.3 Yield Characteristics 
Yield is the final manifestation of several complex 
morphological and physiological traits of a crop. Better 
vegetative growth of a crop is largely responsible for 
higher seed yield (Prasad et al.. 1978). Early vegetative 
growth affects the number and size of photosynthesizing 
sites so that they are made available for better 
photosynthetic activity. It is this surface that provides 
products to the developing sink (pods), thereby 
highlighting the dependence of a reproductive growth on 
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veyetative growth. Thorne (1966) reported that vegetative growth 
before flowering has considerable influence on seed yield. 
In addition, availability and proper balance of essential 
nutrients and their efficient absorption and utilization 
has also influence on the final yield of the crop. 
The main aim of the experiment was to enhance the 
economic yield and to understand the process. It was found 
that increased shoot length and dry matter production due 
to GA^ spray contributed in increasing the pods/plant. The 
increase in pod number was probably due to either increase 
in production of flowers or due to arrest in the dropping 
of the flowers as GA^ spray reduces the flower fall (Moore, 
1989). In the present study both these factors contributed 
in 33.7% more pods due to GA^ spray (Table 21). It was also 
found that GA- did not improve either the seeds/pod or 1000 
seed weight (Table 21). It is further proved that the 
increase in the seed yield was only due to increase in 
number of pods (The per cent increase in the yield i.e. 
33.5% was found to almost equal to per cent increase in pod 
number). The highly significant correlation coefficient 
value(r) obtained between pod number and seed yield 
* * (r=0.999 ) also supports the view. The increase in seed 
yield due to GA^ application also resulted in an increase 
of 31.2% higher oil yield (Table 22). 
y It was found that increase in the sink (number of 
pods due to GA^ spray affected translocation of the 
existing food materials towards developing seed as compared 
to control. This is also clear froni the increased harvest 
index in the GA^ treated plants. In other v/ords GA^ treated 
plants translocated 11.1% more photosynthates tov/ards seed 
than that of untreated plants. The favourable effect of GA^ 
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in enhancing economic yield of various crops has also been 
reported by Prasad et ajL. 1977 in sunflower; Ray and 
Chaudhury, 1981 in rice; Chrungoo and Farooq, 1984 in 
Saffron; Saran and Mehta, 1985 in mustard; Gaikwad and 
Sundra, 1993 in sugarcane; Khan, 1995 in mustard. 
5.2.4 Quality Characteristics 
The oil content and other quality parameters (acid, 
ind saponificat; 
(Table 23) application. 
iodine a ion values) were not affected by GA^ 
It was concluded from this experiment that 10 M GA^ 
improved the shoot length and leaf area there by trapping 
more solar energy and producing more dry matter. This 
ultimately resulted in higher number of pods and seed and 
oil yield. 
5.3 Experiment 2 
This experiment was conducted with the aim to find 
out the best stage of crop growth for spray of GA^ for 
better performance of mustard. Spray of 10 M of GA-, was 
done at 40, 60 and 80 DAS. The parameters studied at 
various growth stages and at harvest were same as in 
Experiment 1. It was found that spray of 10 M GAn at 40 
DAS was better than that of other two stages. As discussed 
earlier (pp. 94-98), enhanced the dry matter and yield mainly 
by increasing leaf area and trapping more solar energy. 
Maximum leaf area was found at 80 DAS sampling (Table 26). 
Therefore spraying of GA^ at 80 or 60 did not help much in 
improving the leaf area CGR, RGR and dry matter production 
and thus resulted in lesser yield in spray treatirient given 
at 60 and 80 DAS than at 40 DAS. The data on quality 
parameters were non significant. The data obtained on 
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growth, biochemical, yield and quality characteristics in 
this experiment for the effect of 10" M GA, may be 
discussed along the same lines as mentioned in Experiment 1. 
The interaction effect was found to be significant for some 
parameters at certain sampling stages. This was due to the 
fact that, there was no difference between different spray 
stages when water was sprayed, it was concluded that 40 DAS 
growth stage of mustard is best for improving growth and 
yield performance of the crop. 
5.4 Experiments 3, 4 and 5 
These three experiments were conducted to find out 
the effect of 10" M GA3 spray on the performance of mustard 
under different levels of nitrogen, phosphorus and 
potassium. The growth biochemical and yield parameters 
studied at various sampling stages were same as in 
Experiment 1. However, in these three experiments, while 
studying quality parameters (oil content, acid, iodine and 
saponification value) fatty acid composition of the oil was 
also determined. 
In Experiment 3, effect of spray of 10"^M GA^ 
(selected in Experiment 1) at 40 DAS (selected in 
Experiment 2) along with basally applied 0, 40, 80 and 120 
kg N/ha was studied on growth yield and quality 
characteristics of the crop. Experiment 4 deals with the 
effect of spray of 10" M GA, at 40 DAS along with basally 
applied 0, 15, 30 and 45 kg P/ha on the performance of the 
crop. Likewise Experiment 5 was conducted with spray of 
10" M of GA^ at 40 DAS of crop growth with basally applied 
0, 20, 40 and 60 kg K/ha. 
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In Experiment 5, the data on various parameters was 
found non significant and the reason for this is possibly 
of high availability of K in the soil which was 212 kg/ha 
(Table 1). Moreover, the K uptake by the plants under 
different treatment was also similar which further proved 
that K was not limiting factor for the plant growth. 
The effect of GA- on the performance of the crop is 
discussed in Experiment 1. In the following pages results 
obtained with GA3 sprayed plants grown with various levels 
of N (Experiment 3) and P (Experiment 4) are discussed with 
emphasis on fertiliser use efficiency, productive 
efficiency of fertiliser and nutrient use efficiency of the 
crop in addition to growth, yield and quality 
characteristics. 
5.4.1 Growth Characteristics 
Non availability of nitrogen affected growth 
characteristics (Tables 40-46). It was found that spray of 
GA^ did not improve the shoot length when the availability 
of nitrogen was low. The GA3 application was only effective 
when sufficient nutrient was available for the plant 
growth. At low nitrogen level the N absorbed by the roots 
utilize the root carbohydrates for protein synthesis and 
the supply of N to the top is limited affecting the growth 
of the shoot (Bose et al^ . 1988). This is evident from the 
less N content in plants in NQ and N-Q levels (Table 47). 
Grewal and Kolar (1990) working on mustard have reported 
the beneficial effect of CCC and etherel only when the crop 
was producing sufficient vegetative growth. Regarding 
Experiment 4, it was found that no significant difference 
was observed at different phosphorus level on shoot length 
(Table 57) . 
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Nitrogen application significantly increased the 
leaf area. Leaf area was 48.2% more in plants receiving 
80 kg N in comparison to 0 kg N/ha (Table 42). Likewise 
there was 16.3% increase in leaf area due to application of 
30 kg P/ha compared to control (Table 59). Increased leaf 
area resulted in increased NAR upto 80 DAS, which in turn 
caused 94.6% increase in dry matter production in NQ„ 
treatnient in comparison to NQ treatment (Table 41). NAR was 
not much affected by P application but there was 22.9% 
increase in dry matter due to 30 kg P application in 
comparison to control (Table 58). Similar doses of nitrogen 
(Experiment 3) and phosphorus (Experiment 4) caused an 
increase in RGR and CGR values at different intervals. 
Shading of the lower leaves at latr growth stages started 
resulting in the decrease in NAR, CGR and RGR at later 
growth intervals (Tables 44-46; 61-63). At final growth 
stages (100-120d) the increase in NAR at low nitrogen level 
was due to the same reason as discussed in Experiment 1. 
It must be mentioned here that this is for the first 
time that LAI, NAR, CGR and RGR of mustard have been 
studied with respect of GA^ and graded levels of N, P and K 
and no report on this aspect is available in the 
literature. However, Alvim (1960) studied the effect of GA^ 
sugar and urea on RGR and NAR. 
5.4.2 Fertilizer Use Efficiency 
This was calculated by dividing the increase in 
nutrient uptake (because of fertilizer application) by the 
amount of fertilizer applied (Doneen, 1934). Sampling values 
(data) at 100 DAS were utilized for calculating this 
parameter as maximum uptake was found during this stage. In 
general when fertilizer is applied more than the requirement 
only lesser percentage of it is utilized by crops whereas at 
optimal and suboptimal level maximxim possible amount is 
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utilized. GA^ spray increased the utilization of fertilizer 
(Table 91) mainly by increasing the sink (top growth) 
thereby absorbing more available nutrients. This view finds 
support from the increased values for leaf area and leaf 
area index in GA_ treated plants in Experiment 3 (Tables 
42-43) and Experiment 4 (Tables 59-60). 
TABLE 91: Fertilizer use efficiency of mustard crop 
Amount of 
fertilizer 
applied 
(kg/ha) 
(1) 
% of fertilizer used 
Water spray GA3 spray 
(2) (3) 
% increase in 
fertilizer 
use efficiency due 
to GA^ spray 
((3)-(2)) 
(2) 
(4) 
X 100 
Nitrogen 
40 
80 
120 
Phosphorus 
15 
30 
45 
72.3 
79.8 
57.4 
5.2 
8.3 
5.3 
91.0 
118.0 
84.7 
23.5 
18.3 
14.6 
25.9 
47.7 
47.6 
352 
120 
175 
At the most only about 25% of applied P was utilized by crop 
and the remaining might have fixed in the soil. On the other 
hand 118% of the applied nitrogen i.e. 100% of the applied 
fertilizer and the rest from the soil available nitrogen was 
used by the crop (Table 1). It is interesting to note that 
GA^ increased the nitrogen fertilizer use efficiency in 
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optimal and supraoptimal level but P use efficiency was 
increased at sub optimal level only. From this it is clear 
that nitrogen fertilizer should be applied to the soil to 
get maximum benefit by GA3 spray. GA3 spray increased the 
utilisation of the fertiliser mainly by increasing the sink 
thereby absorbing more nutrients. The fertiliser use 
efficiency of mustard crop to the applied fertiliser and GA3 
spray is reported for the first time and no information 
regarding this is available in the literature. 
5.4.3 Productive Efficiency of the Fertilizers 
This parameter was calculated for the first time 
with the help of following formula. 
Increase in yield due to fertilizer 
Amount of fertilizer applied 
or in other words, increase in yield per unit of fertilizer 
applied. 
TABLE 92: Productive efficiency of mustard crop 
Amount of 
fertilizer 
applied 
(1) 
Productive efficiency of fertili-
zers increase in seed yield (kg) 
per kg fertilizer 
Water 
(2) 
GAr 
(3) 
% increase 
in effici-
ency due 
to GA^ spray 
(3)-{2) 
T2) xlOO (4) 
Nitrogen 
40 
80 
120 
Phosphorus 
15 
30 
45 
9.7 
7.0 
5.0 
4.7 
7.5 
4.6 
12.2 
13.0 
8.4 
29.7 
20.8 
14.7 
25.8 
85.7 
68.0 
532 
177 
219 
10b 
From the Table 92, it is evident that GA^ spray 
increased the productive efficiency of the fertilizers. The 
productive efficiency of the phosphorus fertilizer was 
increased to very high level which might be due to the 
fixing tendency of the P fertilizers. Again the improvement 
in the productive efficiency of the fertilizer due to GA^ 
spray was more in optimal and supraoptimal levels of N but 
more in suboptimal levels of P fertilization. 
5.4.4 Nutrient Use Efficiency (%) 
This parameter was calculated by dividing the % 
increase in yield by the % increase in nutrient uptake due 
to fertiliser treatment. 
TABLE 93: Nutrient use efficiency of mustard crop 
Amount of Nutrient use efficiency % increase in 
fertilizer (%) the nutrient 
applied use efficiency 
(kg/ha) Water GA^ dueto GA^ spray 
(2) 
(1) (2) (3) (4) 
Nitrogen 
40 55.5 55.3 -0.3 
80 36.6 45.6 24.6 
120 36.3 41.2 13.5 
Phosphorus 
15 83.4 115.0 37.9 
30 82.0 103.8 26.6 
45 79.3 91.2 15.0 
Table 93 shows that most of the phosphorus absorbed 
(about 80%) was utilized forthe production of economic 
yield whereas less than 50% of the nitrogen absorbed was 
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utilized for the production of yield. Nitrogen is one of the 
main constituent of the proteins, which are the building 
blocks of the plant. So most of the nitrogen absorbed was 
used in forming the vegetative structure. This might be the 
reason for the reduced efficiency of absorbed nitrogen in 
producing yield/ whereas phosphorus, one of the constituent 
of the oil was mainly utilised for the production of the 
seed. Again GA3 improved the efficiency of these nutrient in 
producing the yield. 
5.4.5 Yield Increment and Yield Characteristics 
This was estimated by fitting a quadratic regression 
equation between the amount of fertilizer applied and seed 
yield individually for water and GA^ spray and is given in 
Figs. 9-10. From the figures, the increment in yield for 
every 10 kg and 5 kg increase in N and P fertilizer 
respectively was calculated and presented in Table 94. 
It is clear from the Figs. 9-10 that the steepness 
of the curve is more in GA^ in comparison to water spray 
treatment which showed that the return in the form of yield 
was more for every kg applied fertilizer under GA^ spray 
treatment. Out of the two fertilizers the response was more 
for nitrogen fertiliser in comparison to P fertiliser. From 
the Table 9 4 it is evident that there was diminishing return 
for every additional quantity of fertilizer proving the law 
of diminishing return. GA- at low levels of fertilization 
increased the return from fertilization significantly. The 
involvement of GA^ in enhancing yield has already been 
discussed on p. 97. 
There was about 83.3% and 23.4% increase in yield 
due to 80 kg N and 30 kg P application in comparison to 
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TABLE 94: Yield increase with increment of fertilizer in 
mustard crop 
Increment in 
fertilizers 
(kg/ha) 
(1) 
Nitrogen 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
Phosphorus 
5 
10 
15 
20 
25 
30 
35 
40 
45 
Expected 
for every 
lizer in 
previous 
Water 
(2) 
11.5 
10.5 
9.2 
8.1 
7.0 
5.8 
4.6 
3.5 
2.3 
1.3 
0.1 
- 1.2 
3.41 
2.95 
2.81 
2.28 
1.97 
1.67 
1.21 
0.91 
0.31 
increase in yield (%) 
increment of ferti-
comparison to the 
dose 
GA3 
(3) 
20.0 
18.4 
16.9 
14.9 
13.3 
11.4 
9.8 
8.0 
6.4 
4.6 
2.9 
1.2 
6.82 
6.71 
5.2 
4.5 
3.6 
2.7 
1.9 
1.1 
0.22 
% increase 
due to GA3 
spray 
(3) - (2) 
(4) 
8.5 
7.9 
7.7 
6.8 
6.3 
5.6 
5.2 
4.5 
4.1 
3.3 
2.8 
2.7 
3.4 
3.1 
2.4 
2.2 
1.6 
1.0 
0.7 
0.2 
-0.09 
10b 
their respective controls. It was found that the seeds/pod 
and 1000 seed weight was not affected by the difference in 
the amount of fertilizer. Hence the main contributing factor 
for the yield increase was the pods/plant which was proved 
by the significant correlation coefficient (0.981** for 
nitrogen experiment and 0.974** for phosphorus experiment). 
The improvement in seed yield and oil yield of mustard by 
the application of N and P noted in the present study 
broadly confirms the findings of earlier workers (Rollier, 
1970a,b), Mehrotra et al. (1972), Chundawat et al. (1975), 
Holmes and Ainsley (1978), Parvaiz et a]^. (1982), Afridi 
et al. (1983),Parvaiz et al. (1983). Samiullah et al. (1983) 
Mohammad et al_. (1984), Samiullah et. al^ . (1984), Mohammad 
et al. (1985), Khan et al. (1990) and Samiullah et al. 
(1991) . 
5.4.6 Quality Characteristics 
For assessing oil quality oil content acid, iodine 
and saponification values and fatty acid compositions of oil 
were determined. It may be added that low acid and iodine 
value are considered good for oil quality and denote good 
keeping and easy hydrogenation. High saponification value is 
good for digestibility and soap making quality. Similarly 
lower levels of linolenic acid and erucic acid and higher 
levels of linoleic acid and oleic acid are considered good 
for oil quality Downey and Rimmer (19 93). 
The seed quality is estimated by the oil content and 
the oil quality by acid, iodine and saponification values 
and the fatty acid compositions. Application of nitrogen did 
not alter the oil content of the seed in the present study, 
but reports are available for reduced oil content due to N 
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fertilization (Khan et aj^. 1990; Samiullah et^  al. 1991). It 
is generally expected that plants with supra optimum 
nitrogen levels to have more protein and might have 
increased ability to fill the sink (i.e. seed). Increase in 
the protein and carbohydrates in the seed might increase the 
size or in other words the weight of the seed thereby 
reducing the oil content. In the present study there was no 
difference in the seed weight (1000 seed weight) and 
therefore no change in the oil content in the seed was 
noted. There was significant decrease in acid and iodine 
value of the oil due to N application (Table 55) . This 
result is in confirmation of the results of Mohammad ejt al. 
(1985) and Khan (1988) on mustard. There was an increase in 
saponification value and decrease in acid and iodine value 
due to P application (Table 72) further makes a positive 
point as regard to quality of oil.Out of the various acid 
composition linolenic and oleic acid got increased by N 
application (Table 56) and reduced by P application 
(Table 73) Dasgupta and Ghosh (1977) noted a chain 
elongation from oleic to erucic acid as a result of carbon 
skeleton formation due to increased supply of nitrogen. The 
effect of N and P on fatty acid composition noted in the 
present study also confirms the findings of Khan (1993). 
However, interaction study of GA3 with N, P and K on fatty 
acid composition of oil is lacking in the literature and is 
reported for the first time. 
5.5 Economic Calculations 
From experiment, it was found that there was about 
5.01 q/ha increase in the yield due to IO'^'M GA3 spray in 
comparison to that of water spray. The possible gain for the 
farmers was calculated taking the present price for 
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GAo (s.d. Fine Chem Ltd. Worli Road, Bombay, India) i.e. 
Rs. 120/gram and mustard seed which is about Rs. 1,100/q. 
TABLE 95: Calculation for excepted profit due to GA3. 
Amount of GA^ at 10"^M concentration 
required to spray one hectare is 
600 litres. = 21 grams 
Therefore expected expenditure on 
GA3 use @ RS.120 per gram = 21x120 = Rs.2520.00 
Increase in yield due to GA3 spray (20.00-14.98 = 5.02 q 
Expected income due to increased = 1100x5.02 = Rs.5522.C 
yield of mustard (§ Rs.llOO per quintal 
Net Profit = 5522-2520 = Rs.3002.0C 
5-6 Conclusion; 
From che perusal of all experiments it may be 
concluded that: 
1. Spray of GAo was found most effective as compared to 
lAA and kinetin. Spray of 10 M GA3 increased the seed 
yield and oil yield of mustard by about 33.5% and 31.2% 
respectively mainly by increasing leaf area and by dry 
matter production. 
Ill 
2. The best growth stage for spraying of GA3 was 40 DAS. 
3. The spray of GA3 was effective only when sufficient 
basally applied nitrogen (80 kg N/ha) is available to 
the crop. 
4. Response for GA3 was observed irrespective of the 
amount of phosphorus applied to the soil. 
5. The optimum dose of basal nitrogen and phosphorus was 
80 kg N/ha and 30 kg P/ha respectively for the agro-
climate of Aligarh (Western Uttar Pradesh). 
6. The soil with an available K of 212 kg/ha, there was no 
response for applied potassium. 
7. GA3 enhanced nitrogen fertiliser use efficiency in 
optimal and supra optimal level but P use efficiency 
was increased in sub optimal level only. GA3 
application made use of 118% of applied N (100% of the 
applied N and rest 18% from available soil nitrogen) 
and only 25% of applied P by the crop. 
8. GA3 improved the efficiency of nutrients in producing 
the yield. 
9. GA3 enhanced the productive efficiency of the 
fertilizers. 
10. GA3 did not affect the oil quality but application of 
N and P in general improved the oil quality. 
SUMMARY 
CHAPTER - 6 
SUMMARY 
The present thesis "Effect of some Phytohormones 
and NPK on Growth and Metabolism of Mustard" comprises six 
chapters. In Chapter 1, the importance of the problem and 
the lacunae in the understanding of the problem, 
justifications have been put forward for undertaking the 
present work. 
In Chapter 2, history of phytohormones and 
inorganic plant nutrition and papers published on their 
interaction effect on performance of crops have been 
reviewed. 
Chapter 3 deals with the details of the materials 
and methods employed for the five field experiments 
conducted and relevant mateorological and edaphic data 
have been given. 
The results found significant at P <0.05 on 
statistical analysis according to the design of the 
experiment have been recorded in detail (Chapter 4). 
The main results have been discussed in the light 
of earlier findings (Chapter 5) and are summarised below: 
Experiment 1 (1992-93) was conducted according to 
factorial randomised block design to select the best 
phytohormone and its concentration for improving the 
performance of mustard. Phytohormones lAA, GA^ and kinetin 
-6 -5 -4 
at 0, 10 / 10 and 10 M concentrations were sprayed on 
plants at 40 DAS. Spray of GA_ was found to be the best in 
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comparison to other phytohormones used for most of the 
parameters studied. In growth parameters, GA^ was best at 
80/ 100 and 120 DAS for shoot length, at 100 and 120 DAS 
for leaf area and leaf area index. But both GA^ and lAA 
were equally effective for dry matter production. At final 
stage of growth spray of kinetin improved CGR, RGR and NAR 
of the crop. In biochemical parameters no difference was 
found between the different phytohorm^ones in respective of 
the concentrations and uptake of N, P and K except that at 
80 DAS when GA^ treatment had significantly more N uptake 
than kinetin treatment. In yield parameters there was more 
number of pods and seed yield due to GA-> spray incomparison 
to the other two hormone treatments. Concentrations 10 M 
-4 -5 
and 10 M were mostly equal in their effect, but 10 M was 
selected as best because of its lower concentration. The 
interaction effect of phytohormone and concentration was 
found to be non significant for almost all the data. 
Experiment 2 (1993-94) was conducted according to 
factorial randomised block design. The aim of this 
experiment was to select the best stage of growth for spray 
-5 
of the 10 M of GA^. The phytohormone (GA^) and 
concentration 10 M was selected on the basis of findings 
of Experiment 1. The spray of water and 10~ M of GA^ was 
done at 40, 60 and 80 DAS. It was found that the effect of 
spray at 4 0 and 60 DAS were at par for all the parameters 
at final stages but the values for seed yield was maximum 
in the treatment where the GA^ was sprayed at 4 0 DAS. 
Moreover, the spray at 40 DAS, even though at par with 
spray at 60 DAS recorded highest value. Hence 40 DAS was 
selected as best growth stage for spray treatment. The N, 
P and K concentration in plants remained unaltered by the 
treatments. The interaction effect was significant for most 
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of the parameters and it was found that there was 
difference in spray treatment only when GA^ was sprayed and 
not when water was sprayed. 
Experiments 3, 4 and 5 (1994-95) were 
simultaneously conducted according to factorial randomised 
block design to find out the effect of spray of 10~ M GA^ 
at 40 DAS alongwith basally applied 0, 40, 80 and 120 kg 
N/ha (Experiment 3), 0, 15, 30 and 45 kg P/ha (Experiment 
4) and 0, 20, 40 and 60 kg K/ha (Experiment 5). The stage 
of spray of GA^ was selected from Experiment 2. The 
parameters studied in these experiments were same as in 
earlier experiments and in addition, fatty acid composition 
of oil was also determined. 
In general, GA spray improved the performance of 
the crop in comparison to water spray control as noted in 
earlier experiments. 
In Experiment 3, it was found that application of 
80 kg N/ha proved optimum for almost all parameters studied 
viz; shoot length, leaf area, leaf area index and dry 
matter production at all stages of sampling. The CGR was 
significant only at 40-60 and 60-80 growth period. The RGR 
and NAR were significantly more in N^^ treatment at 40-60 
and 60-80 growth stages in comparison to that of NQ 
treatment but it was significantly inferior to NQ treatment 
at 80-100 and 100-120 growth stages. 
In biochemical parameters the N concentration was 
affected by different doses of N fertilizer and N^ ,- was 
oO 
found t o be optimum. There was no s i g n i f i c a n t d i f f e r ence 
between t r e a t m e n t s in P and K c o n c e n t r a t i o n . N, P and K 
uptake was a l s o found to be optimum i n N„^ t r ea tmen t . In 
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yield parameter, the 1000 seed weight and seeds/pod were 
non significant. Pods/plant and seed yield were optimum in 
NQ„ treatment. Oil yield was also improved by N^^ 
treatment. The effect of 80 kg N/ha was at par with that 
for 120 kg N/ha. The interaction effect of phytohormone and 
nitrogen was significant for most of the parameters. There 
was not significant difference between water and GA^ spray 
when the basally applied nitrogen was 0 or 40 kg N/ha. The 
effect of GA^ spray was statistically significant only with 
the availability of sufficient nutrient for plant grov\?th. 
In Experiment 4, basally applied 30 kg P/ha was 
optimum for better performance of the crop. There was no 
significant difference in the N, P and K concentration in 
plant due to the different treatments. It was found that 
the interaction effect was non significant for all the 
parameters studied. 
In Experiment 5, the data on various parameters was 
non significant. 
The present chapter is followed by an up-to-date 
bibliography of the references cited in the text and an 
appendix containing the various formulations employed for 
chemical analysis. 
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APPENDIX 
PREPARATION OF REAGENTS 
The reagents for various chemical determinations 
wil l be prepared according to the following methods. 
1. Reagents for N, P and K determination 
a. Nessler's reagent 
3.5 g of potassium iodide will be dissolved in 100 
ml of distilled water in which 4 per cent mercuric chloride 
solution will be added with stirring until a slight red 
precipitate remained (about 325 ml of the solution will be 
required) . Thereafter 12 0 g of sodium hydroxide with 250 ml 
of distilled water will be added. The volume will be made 
upto 1 litre with distilled water. The mixture will be 
decanted and kept in an amber-coloured bottle. 
b. Molybdic acid reagent (2.5%) 
1.25 g of ammonium molybdate will be dissolved in 
175 ml distilled v;ater in which 75 ml of lON-sulphuric acid 
will be added. 
c. Aminonaphthol sulphonic acid 
0.5 g of l-amino-2-naphthol-4-sulphonic acid wi l l be 
dissolved in 195 ml of 15% sodium b i su lph i t e solut ion to 
which 5 ml of 20% sodium su lphi te solu t ion w i l l be added. 
The solution v/ill be kept in an amber-coloured b o t t l e . 
ii) 
2. Reagents for oil analysis 
a. Hydrochloric acid (0.5N HCl) 
Hydrochloric acid (21.49 ml) will be mixed with 
478.51 ml of double distilled water (DDW) to get 500 ml of 
0.5N HCl. 
b. Iodine monochloride solution 
Iodine (13 g) will be dissolved in a mixture of 
300 ml of carbon tetrachloride and 700 ml of glacial acetic 
acid and the resulting solution will be divided in to 
solutions A and B. To 20 ml of solution A, 15 ml of 
potassium iodide solution (f) and 100 ml of DDW will be 
added and titrated against O.IN sodium thiosulphate solution 
eg), using starch solution (i) as an indicator. Chlorine gas 
will be passed through solution B until the amount of O.lN 
sodium thiosulphate solution required for the titration will 
not be more than double of that needed in solution A. 
c. Phenolphthalein solution 
Phenolphthalein (10 g) will be dissolved in 95% 
ethanol and the volume will be made up to 1 litre. 
d- Potassium hydroxide solution 10 N KOH 
Potassium hydroxide (5.6 g) will be dissolved in 95% 
ethanol and the volume will be made upto 1 litre. 
e- Potassium hydroxide solution (0.5N KOH) 
Potassium hydroxide (28 g) will be dissolved in 95% 
ethanol and the volume will be made upto 1 litre. 
iii) 
£. Potassium iodide solution (KI) 
Potassium iodide (150 g) will be dissolved in DDW 
and the volume will be made upto 1 litre. 
g. Sodium thiosulphate solution (O.IN Na^S^O-) 
Sodium thiosulphate (24.8 g) will be dissolved in 
DDW and the volume will be made up to 1 litre. 
h. Solvent mixture 
Ethanol (95%) will be mixed with diethyl ether in 1:1 
ratio. This mixture of solvent will be neutralised just 
before use by means of O.lN KOH solution in the presence of 
phenolphthalein solution as an indicator. 
i. Starch solution 
Soluble starch (1 g) will be dissolved, in 100 ml of 
boiling DDW-
